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Logic Devices Incorporated continues its commitment to provide our customers with 
the highest performance products available without abandoning our dedication to improving 
price/performance and quality. To do this, we bring to bear submicron CMOS technology on 
a par with the most advanced production processes in the world. By coupling this technology 
with our crack engineering design teams, we offer the fastest devices available. Logic Devices’ 
product diversification remains at the forefront of our ability to supply total solutions with 
high performance logic products, peripheral and memory products. 


We proudly present this new edition of the Logic Devices Product Catalog containing our 
full line of some 84 products, nearly double lasts year’s offering. Logic Devices’ products bring 
new levels of performance to a wide range of application environments, including general- 
purpose computing, DSP and image processing, computer peripherals, and embedded 
control. We’ve worked hard to revise and reformat the data sheets in this year’s catalog to ease 
your design effort and assist in your navigation of the device/package/temperature/speed 
maze. 


Section 2, Memory Products, features the latest speed upgrades of our high-speed 16K and. 
64K-bit SRAM families. Also we’re pleased to introduce our new 256K-bit SRAM family 
boasting the fastest access speeds available anywhere. 


Section 3, FIFO Memory Products, details the latest augmentation of our productline. This 
family of FIFOs offers a wide range of widths, depths and status information. Plus, they’re 
designed for expandability. 


Section 4, Memory Modules, gathers together Logic Devices’ offerings to solve high- 
speed /high-density memory problems. 


Section 5, Logic Products, gives a roll call of our standard high-speed families of multipli- 
ers, multiplier/accumulators, ALUs, and pipeline registers including the latest speed en- 
hancements and more than few new devices to help fill your design needs. 


Background and reference information on the topics of Quality & Reliability, Latchup, ESD 
Protection, and Power Dissipation are supplied in Sections 7 & 8. Packaging information, 
including a detailed discussion of thermal considerations, can be found in Section 9. Appli- 
cation Notes and Technical Article reprints reside in Sections 10 & 11,respectively, and feature 
solutions to typical design problems. 


Lastly, if further information is required, please contact your local Logic Devices sales 
office. Logic Devices locations worldwide are listed in Section 12, conveniently located at the 
end of this catalog. 
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Part Numbering System 





To construct a valid part number: 


In order to construct a valid Logic Devices part number, begin with the generic number obtained from the datasheet 
header or the product selection guide. To this number, append three characters from the tables below indicating the 
desired package code, temperature range, and screening. Finally, append zero, one, or two digits indicating the per- 
formance grade desired. Most devices are offered in several speed grades with the part number suffix indicating a 
critical path delay in nanoseconds. 


For more information on available part numbers: 


All products are not offered with all combinations of package style, temperature range, and screening. The Ordering 
Information table on the last page of each product datasheet indicates explicitly all valid combinations of package, 
temperature, screening, and performance codes for a given product. 


For more information on package options: 


Also given in the Ordering Information tables in each product datasheet are the Logic Devices package codes. These are 
two character codes consisting of a letter designating a package type, and a number distinguishing the individual 
package drawing. Drawings giving detailed dimensions and tolerances for each package code can be found in the 
Mechanical Data section of this catalog. For example, the LMA1010DMB55 given below refers to a "D" or sidebraze, 
hermetic DIP package. The LMA1010/2010 datasheet indicates that the actual package used is D6. In the Mechanical 
Data section package type D6 is seen to be a 64-pin, cavity-down, sidebraze, hermetic DIP. 


Key: 
L MA101 DB M B 55 (1) Prefix, Logic Devices, Inc. 
(1) @) (3) (4 ©) ©) 62): Bevis MINESE 

{3) Package code 

(4) Temperature range 

(5) Screening 

(6) Performance/speed 

Package Code Temperature Range Screening 


Description 


Description Description 


CerDIP 
Sidebraze, Hermetic DIP 
Ceramic Flat Pack 


Commercial 
0°C to +70°C Commercial Flow 


Military 48 Hour Burn-in at 125°C 
—55°C to +125°C 


Ceramic Pin Grid Array 
Plastic J-Lead Chip Carrier 


Extended Screening 


MIL-STD-883 
Class B Compliant 


Ceramic Leadless Chip Carrier 
Ceramic Leaded Chip Carrier 
Plastic DIP 

Plastic SOIC (Gull-Wing) 
Plastic SOW (J-Lead) *Some devices are available in packages 


Dice of two widths. For devices available in a 
single width, C, D, K, P, and V are used. 
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Pinout number and package width. 


(0.3" wide) Package pinout drawing. 


Package illustration. 


Package type. 


Mechanical drawing code 
(see Section 9 for specific package 
specifications) 





Speeds available. 






When parts are available in 
two package widths, for 
example, CerDIP 0.3” wide 
use L6116CC25 or 0.6” wide 
use L61161C25. 





Part number base. A com- 
plete part number for 
example would be 
L6116PC25. 



















35 
L6116HC7 25 
or 


L6116LHC F 15 
12 
10 


35 
25 


Or 2 
L6116LIC + 25 
12 
10 











L611 
or 
L6116LCC 








L6116DC 
or 


L6116LPC L6116LDC 

















SGHEENING 
Ba Ta 2) sa 3 
L6116DM 5 L6116CM 25 L6116HM 





L6116IM 
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L6116 2K <8, Common I/O) Otttpuit Ema bles. sisnssscivennsnsshisstssdiassvansossnontbovensenessnasecodsienioldcessitsantunettuanteosas 2-33 
L6116L 2K x8,Common I/O, + Output Enable (Low Power) .......cscsesescssssssseessssncssssessesseersessssssssesesessnes 2-33 
64K Static RAM Products 
LICIS7-  * OAK X11, Separate Tf Os ssasscasassalerecosnivisseserapSeud Gnsrnodnns th usdaapythesgaiale ncrudsegrateajesaneson sietavaymtugkerl inate, 2-41 
L/CT64. ‘16K x4,Commion 1/O,-1 Chip Enable iiciscsecssscesscetsescettoassanssgiascaaiavvsdeiiandsassausicstnaonpsussdsunsaacnaseosnde 2-47 
L7C165 16K x4, Common I/O, 2 Chip Enables, + Output Enable .........cscssssssssssessssesnssseessesssssnensesseeessseeeens 2-47 
L7C166 16K x4, Common I/O, 1 Chip Enable, + Output Enable............cscccsssscsessesseesnsssesseescesessessesesesstenees 2-47 
L7C161 16K x4, Separate I/O, Transparent Write...........cssssssocssssssessesssessessesessesssesessnessnsseossesenssnessesessenten 2-55 
L7C162 16K x4, Separate I/O, High Impedance Write ..........ccssessssssseesssessessecseessesssseenseneesnsssssnsanessseeseesesee 2-55 
EVCTISS: . “OK 5¢ 6 Contra 1/0 sic cise cesssbiaseckpseeseaskaeantisunsns dese uate ee nd capes aovan displ odeeeetadeta aecsaenoneeeeaces 2-61 
L7ZCL185 8K x8, Common I/O (Low Power) .....cccscsccsscsssccssssscoscsscsesscsssscsssssececssesceccceccsccnsesetsrcasseasensecsersnscns 2-61 
256K Static RAM Products 
LIRIGZ © 256K. 507 ; Separate: 170 a.id is sscscesusbeceansiendencsasnssasacsosasnsecsnaenabanacbauuatobaanssulucnatastaateigiuustsoapueavashyesteisoieaers 2-69 
L7C 194: “64K x4, Common f/O).T Chip: Enable sissosiis.stupscavcosaitessesseseseansndencossaiatena teens svvacecivaneaevaaldeceounteeaian 2-75 
L7C195 64K x 4, Common I/O, 1 Chip Enable, + Output Enable... csssssssesssessessssssssessneesssenneneseeaneenes 2-75 
L7C196 = 64K x 4, Common I/O, 2 Chip Enables, + Output Enable oc cessessssssccessusecsesesseencnesseesnenesseenees 2-75 
L7C191 64K x 4, Separate I/O, Transparent Write .........sscsssssccsssssccessessnsssessssessnsseccecssceseseeseaestetecnesseseessenses 2-83 
L7C192 64K x 4, Separate I/O, High Impedance Write ......sssssssssssssoesessecssscscssescnsessescsseesssssssenceasensesseesees 2-83 
LIEEOS © © SAK BC ort Uf Osa ccs esc cass ancsecsice sx sscavandavisestasecce bussondsdeoudicodesuautidorsndedsdvaoannsue ther ebea ntesbanasotoss 2-89 
L7CL199 32K x 8, Common I/O (Low Power) ...cccscccsscsssscscscsscsscssssessescecescececcsstssscesssccssaceecacecsvasensescnacencesenseatece 2-89 
Special Architecture Static RAM Products 
L7C180 4K x4, Cache-Tag with Tag Comparison Logic (Totem Pole MATCH Output)........sscssssscseeees 2-97 
L7C181 4K x4, Cache-Tag with Tag Comparison Logic (Open Drain MATCH Output) .......c.secsseeees 2-97 
L7C174 8K x8, Cache-Tag with Tag Comparison LOgic .......sssssssssssessssessssssnecesssssscesssersnsessseecesesanecnneenseceee 2-105 
L7C186 8K x8, Cache-Tag with High Speed Flash Clear .........ssssssscsssssssssssssssnsssssessessosssnsseestsenecasceneeasenseeare 2-113 
L7CL186 8K x8, Cache-Tag with High Speed Flash Clear (Low Power).....c.sscssssscssssscsenesseeccesesesssenseeeseese 2-113 
L7C183. 2x 4K x 16, Cache-Data, Fast A12 Access, Two-Way Set Associative or Direct Map .............-+ 2-121 
L7C184. 2x 4K x 16, Cache-Data, Two-Way Set Associative or Direct Map........sssssssssssesssecscsssseneesssneeenes 2-121 
Radiation-Hard Static RAM Products 
L7GXIUST. * GAK 1 Radiator 33 2i55ccisetss scisisaldshenetdetessegscecbs ices savaxccvdcvanss toe ad sedsaslsieoiavovcosvonseuasbavbessecaciwsechannes 2-131 
L7OCXI9T ~ 256K CT RAGIAU OI RAE os siisce diese ds sceavece eayeiiasweses/cidedoaitcuienadedyeausth oda wsacedbatiel sada baaveavgdn bata ccdbsvevsas es 2-139 
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Static RAM Package Availability Guide 


Part 
No.“ Plastic DIP 
EI 


izeie7 [20] 
L7c168 | 20 | 


64 














Package Availability Code‘) 


Sidebraze sOoIc SOJ | Plastic | Ceramic 
Hermetic DIP (Gull-Wing) J-Lead)) LCC Lec 
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76186 
j4ee2 | Ps | | 
jaasz| ops] ls | 
(1) See Section 1 — Ordering Information for assistance in constructing a valid part number. 
(2) See Section 9 — Packaging for package dimensions. 
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Product Selection—Cross Reference Guide 


Part No.) 


L7C167 


L7C170 


L7¢C171 


L7C172 


L6116/ 
L6116L 


Cypress 
IDT 


Performance 


Toshiba 
Micron 


Maximum Speed (ns) Typical Power (mW) 
Description Com. Mil. Oper. _ Inactive 


16K x 1 
Separate I/O 


4K x 4 
Common I/O 


4K x 4 
Common 
1/0 + OE 


4K x4 
Separate I/O 
Transparent Write 


4K x4 

Separate 1/O 

High Impedance Write 
2K x 8 75/60 
Common I/O + OE 


LOGIC DEVICES PART NUMBER 


24/28/32 


Packages Available‘) 


DIP, LCC 
SOIC (Gull-Wing) 
SOU (J-Lead) 


DIP, LCC 
SOIC (Gull-Wing) 
SOU (J-Lead) 


DIP 
SOU (J-Lead) 


DIP, LCC 
SOU (J-Lead) 


DIP, LCC 
SOV (J-Lead) 


DIP, LCC 
SOIC (Gull-Wing) 
SOU (J-Lead) 


L7C167 L7C168 L7C170 L7C171 L7C172 L6116 
(16K x 1) (4K x 4) (4K x 4) (4K x 4) (4K x 4) (2K x 8) 


CY70171 
IDT71681 
P401681 


CY7C168 CY7C170 
IDT6168 NA 
P4C170 


CY7C167 
IDT6167 


TMM2068 NA NA 
MT5C1604 MT5C1606 
MCM6168/1423 NA NA 


MT5C1601 
MCM2167 





(1) See Section 1 - Ordering Information for assistance in constructing a valid part number. 
(2) See Section 3 - Packaging for package dimensions. 
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CY7C172 
IDT71682 
P4C1682 


MT5C1607 


CY7C128/6116 
IDT6116 
P4C116 


T™M201 5/2018 
MT5C1608 
MCM2016/18 


Memory Products 








Packages Available’) 














Maximum Speed (ns) Typical Power (mW) 
Part No.) — Description Com. Mil. Oper. _ Inactive Pins 
L7C187 64K x 1 22/24 DIP, LCC 
Separate 1/0 SOIC (Gull-Wing) 
SOJ (J-Lead) 
L7C164 16K x 4 22/24 DIP, LCC 
Common I/O SOIC (Gull-Wing) 
1 Chip Enable SOJ (J-Lead) 
L7C165 16K x4 24/28 DIP 
Common I/O SOIC (Gull-Wing) 
2 Chip Enables + OE SOJ (J-Lead) 
24/28 DIP, LCC 
SOIC (Gull-Wing) 
SOJ (J-Lead) 
28 DIP, LCC 
SOIC (Gull-Wing) 





L7C166 16K x 4 
Common I/O 
1 Chip Enable + OE 
L7C161 16K x 4 
Separate I/O 
Transparent Write SOJ (J-Lead) 
SS CES EE E EG ST — EES oD 
16K x 4 8 10 75 28 DIP, LCC 
SOIC (Gull-Wing) 
SOJ (J-Lead) 
28 DIP, LCC 
SOIC (Gull-Wing) 


75/60 


Separate I/O 


L7C162 
High Impedance Write 


SOJ (J-Lead) 








CY7C185/186 
IDT7164 
P4C164 


MT5C6408 
MCM61/6264 
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L7C185/ 8K x8 
L7CL185 Common I/O + OE 
LOGIC DEVICES PART NUMBER 
L7C187 L7C164 L7C165 L7C161 L7C162 
Competitor (64K x 1) (16K x 4) us 6K x xs (16K x 4) (16K x 4) (16K x 4) 
Cypress CY7C187 CY7C164 CY7C166 CY7C161 CY7C162 
IDT 1DT7187 IDT7188 Bes 98 IDT6198 IDT71981 IDT71982 
Performance P4C187 P40188 ied. 98A P40198 P4C1981 P401982 
Toshiba TC5561/5562 TC55416 TC55417 NA 
Micron MT5C6401 MT5C6404 MT5C6405 MT5C6406 MT5C6407 
Mo MCM6287 MCM6288/89 MCM6290 NA NA 
(1) See Section 1 — Ordering Information for assistance in constructing a valid part number. 
(2) See Section 9 — Packaging for package dimensions. 
SS 
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Part No.{") 


256K x 1 
Separate I/O 


L7C197 


L7C194 64K x 


Maximum Speed (ns) Typical Power (mW) 
Inactive 


Oper. 


Com. Mil. 


Description 


4 


Common I/O 
1 Chip Enable 





64K x 4 


L7C195 


Common I/O 
1 Chip Enable + OE 


64K x 4 


L7C196 


L7C191 


L7C192 


Common I/O 


2 Chip Enables + OE 


64K x 4 
Separate I/O 
Transparent Write 


64K x 4 
Separate I/O 
High Impedance Write 


380 





L7C199/ 


L7CL199 


Competitor 


32K x 8 
Common I/O + OE 





L7C197 
(256K x 1) 
CY7C197 

1DT71257 

P4C1257 


CY7C194 
IDT71258 
P4C1258 


MT5C2561 MT5C2564 
IMS1820 


Toshiba 
IMS1800 


Micron 
Inmos 


Ordering Information 
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NA 
IDT61298 
NA 


TC55465 
MT5C2565 
NA 


(1) See Section 1 — 
(2) See Section 9 — Packaging for package dimensions. 


Pins 


24 


24 


100/60 





LOGIC DEVICES PART NUMBER 
L7C196 L7C191 
(64K x 4) (64K x 4) 
CY7C191 


CY7C196 
NA 
NA 


for assistance in constructing a valid part number. 
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256K 


Packages Available®) 


DIP 
SOIC (Gull-Wing) 


SOJ (J-Lead) 


DIP 
SOIC (Gull-Wing) 


SOU (J-Lead) 


DIP 
SOIC (Gull-Wing) 


SOU (J-Lead) 


DIP 
SOIC (Gull-Wing) 


SOJ (J-Lead) 


DIP 


28 
SOIC (Gull-Wing) 
SOJ (J-Lead) 


DIP 
SOIC (Gull-Wing) 


28 
SOJ (J-Lead) 





DIP, LCC 
SOIC (Gull-Wing) 


28/32 
SOU (J-Lead) 


L7C199 
(32K x 8) 
CY7C199/198 
IDT71256 
P4C1256 





CY7C162 
IDT71281 IDT71282 
NA NA 


C55328 
MT5C2568 
IMS1830 








Memory Products 








Product Selection—Cross Reference Guide 


Maximum Speed (ns) Typical Power (mW) 
Part No.) Description Com. Mil. Oper. _ Inactive 
4K x4 
Cache-Tag 
Totem Pole MATCH Output 


Pins 


RAMs 








Packages Available) 


DIP 
SOJ (J-Lead) 





4K x 4 
Cache-Tag 
Open Drain MATCH Output 


L7C181 


DIP 
SOJ (J-Lead) 





8K x8 
Cache-Tag 


L7C174 


8K x 8 
Flash Clear Reset 


L7C186/ 
L7CL186 


DIP, LCC 
SOJ (J-Lead) 


DIP, LCC 
SOJ (J-Lead) 





2x 4K x 16 

Cache-Data 

Fast A12 Access 

Two-Way Set Associative or Direct Map 


L7C183 


2x 4K x 16 25 35 
Cache-Data 
Two-Way Set Associative or Direct Map 


LOGIC DEVICES PART NUMBER 


DIP, LCC 
PLCC 


L7C180 L7C181 L7C174 L7C186 L7C183 L7C184 
Competitor (4K x 4) (4K x 4) (8K x 8) (8K x 8) (2x 4Kx = (2 x 4K x 16) 


IDT6178 IDT7178 IDT7174 IDT7165 
SSL4180 SSL4181 NA 


MCM4180 NA 


Saratoga 
Motorola 


Dose Dose Rate 


Part No."") Description Total Dose Rate Upset 


L7CX187 64Kx 1 210° Rads (Si)/s 


Radiation-Hard 


2108 Rads (SiOz) 


Survivability 


Neutron 
Hardness 





L7CX197 256Kx 1 >10° Rads (Si)/s 


Radiation-Hard 


210° Rads (SiOz) 


(1) See Section 1 — Ordering Information for assistance in constructing a valid part number. 
(2) See Section 9 — Packaging for package dimensions. 
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Package) 
Pins Availability 


>10'* Rads (Si)/s >10'N/cm? = 24 DIP 


>10'? Rads (Si)/s >10'4N/icm? = 24 DIP 


Memory Products 





Typical DC & AC Characteristics 16K & 64K Static RAMs 





The following Figures 1 through 8 represent typical DC and AC characteristic curves for the 16K and 64K static RAM 


products listed below: 
16K Static RAMs 64K Static RAMs Cache-Tag Static RAMs 
L7C167 —16K x1 L7C187 —64Kx1 L7C180 —4Kx4 
L7C168 —4K x4 L7C164 —16Kx4 L7C181 —4Kx4 
L7C170 —4K x4 L7C165 —16Kx4 L7C174 —8Kx8 
L7C171 —4Kx4 L7C166 —16Kx4 L7C186 —8Kx8 
L7C172 —4Kx4 L7C161 —16Kx4 L7CL186 — 8K x 8 
L6116 —2Kx8 L7C162 —16Kx4 
L6116L —2Kx8 L7C185 —8Kx8 


L7CL185 — 8K x 8 


NORMALIZED Icc1 
NORMALIZED i cc2 


AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 


NORMALIZED Icc3 
NORMALIZED I cca 


AMBIENT TEMPERATURE (°C) 
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Typical DC & AC Characteristics 16K & 64K Static RAMs 
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NORMALIZED taa 
NORMALIZED taa 


SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) 
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wAY7 0) (or: | OL Oma -\ Om Or ar-1e-(ea (1g (on 256K Static RAMs 


The following Figures 1 through 8 represent typical DC and AC characteristic curves for the 256K static RAM products 
listed below: 
256K Static RAMs 


L7C197 — 256K x1 
L7C194. — 64K x4 
L7C195 —64Kx4 
L7C196 —64Kx4 
L7C191 —64K x4 
L7C192 —64K x4 
L7C199 —32K x8 
L7CL199 — 32K x 8 


NORMALIZED I cc1 
NORMALIZED I cc2 


AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 


o 

3 8 
fam) Q 
Lu Lu 
N N 
~ wd 
<< < 
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c c 
(eo) ro) 
a =z 


AMBIENT TEMPERATURE (°C) 
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Typical DC & AC Characteristics 256K Static RAMs 
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16K x 1 Static RAM 


L7C167 





[) 16K x1 Static RAM with Separate 
I/O, Chip Select Powerdown 


2 Auto-Powerdown™ Design 
{ Advanced CMOS Technology 
Q) High Speed — to 8 ns maximum 


(J Low Power Operation 
Active: 135 mW typical at 35 ns 
Standby: 100 pW typical 

{ Data Retention at 2 V for Battery 
Backup Operation 


{) Plug Compatible with IDT 6167, 
Cypress CY7C167 


Ql Package Styles Available: 
¢ 20-pin Plastic DIP 
* 20-pin Sidebraze, Hermetic DIP 
¢ 20-pin CerDIP 
¢ 20-pin Plastic SOIC 
¢ 20-pin Plastic SOJ 
¢ 20-pin Ceramic LCC 


ROW 


ROW SELECT 


ADDRESS 


CONTROL 


DEVICES INCORPORATED 


The L7C167 is a high-performance, 
low-power CMOS static RAM. 

The storage circuitry is organized as 
16,384 words by 1 bit per word. This 
device is available in seven speeds 
with maximum access times from 8 ns 
to 35 ns. 


Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 135 mW (typical) when being 
operated at 35 ns. Dissipation drops 
to 75 mW (typical) when the memory 
is deselected (CE is high). 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 


128 x 128 
MEMORY 
ARRAY 


COLUMN SELECT 
& COLUMN SENSE 


COLUMN ADDRESS 
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data may be retained in inactive 
storage with a supply voltage as low 
as 2V. The L7C167 consumes only 
15 uW (typical) at 3 V, allowing 
effective battery backup operation. 





The L7C167 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. Active-low 
Chip Enable and a three-state output 
simplify the connection of several 
chips for increased capacity. 


Memory locations are specified on 
address pins Ao through A13. Read- 
ing from a designated location is 
accomplished by presenting an 
address and driving CE low while WE 
remains high. The data in the 
addressed memory location will then 
appear on the Data Out pin within 
one access time. The output pin stays 
in a high-impedance state when CE is 
high or WE is low. 


Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L7C167 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 


Memory Products 


LDS.167-B 


16K x 1 Static RAM 





Storage temperature 

Operating ambient temperature 

Vcc supply voltage with respect to ground 
Input signal with respect to ground 

Signal applied to high impedance output 
Output current into low outputs 

Latchup current 


d electric. 


Mode Temperature Range (Ambient) 


0°C to +70°C 
—55°C to +125°C 

0°C to +70°C 
—55°C to +125°C 


Active Operation, Commercial 
Active Operation, Military 
Data Retention, Commercial 
Data Retention, Military 


Symbol Parameter Test Condition 


Output High Voltage IoH = -4.0 mA, Voc = 4.5 V 


Output Low Voltage lo. = 8.0 mA 
VI 


L 
Input High Voltage 
loz Output Leakage Current 
Output Short Current 
Vcc Current, TTL Inactive (Note 7) 


Iccs | Vcc Current, CMOS Standby | (Note 8) 
Vcc = 3.0 V (Note 9) 














Vcc Current, Data Retention 


L7C167 





—65°C to +150°C 
—55°C to +125°C 
—0.5 V to +7.0V 
—3.0 V to +7.0 V 
-3.0 V to +7.0 V 


Supply Voltage 
45V<Vcc<5.5V 
45V<Vcc<5.5V 
2.0V<Vcc<5.5V 
2.0V<Vcc<5.5V 











GND < VouT < Vcc, CE = Vcc 
Vout = GND, Vcc = Max (Note 4) 




















Input Capacitance 





Output Capacitance 






[tna 
lw) 
h I) 
Hh 
") 
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Ambient Temp = 25°C, Voc = 5.0 V 
Test Frequency = 1 MHz (Note 10) 




















a 67- 
Symbol Parameter Test Condition | 35 | | 20 | 15 | 12 10 8 Unit 


fier [vee cure aaive | tne) +L so | es | a8 | 110) es] 150) 1 
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LDS.167-B 


L7C167 





L7C167- 
| 35 | 25 
Symbol Parameter 


Feu | Input Transition 1p Power Up (10.18) | 0 
[to | Power Upto Power Down (10.18) 





~ 
Le) 








ADDRESS 





tavav 


DATA OUT | PREVIOUSDATAVALID AK KK KK DATA VALID 


tcHoz 


DATA OUT HIGH IMPEDANCE 
<< DATA VALID 


tpp 
lec 50% 


HIGH 
IMPEDANCE 


DATA RETENTION MODE 


tcHvi 
Vin 
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16K x 1 Static RAM L7C167 


| 25 | 20 | 15 | 12 =| 
Symbol Parameter 


Write Cycle Time 

Chip Enable Low to End of Write Cycle 
Address Valid to Beginning of Write Cycle 
Address Valid to End of Write Cycle 

| tewax | End of Write Cycle to Address Change 
rite Enable Low to End of Write Cycle 
Data Valid to End of Write Cycle 

| tewox | End of Write Cycle to Data Change 

| twHaz_ | Write Enable High to Output Low Z (20, 21) 
Write Enable Low to Output High Z (20, 21) 





















i 
BERCSEDEDCE 
BEBEEESSacE 


tav tEWAX 
tAVBwW bs twlew 


WE TVX 

te oh tewox 

DATA IN C———omanvan SD 
twu 


OZ 
= Tn 
DATA OUT CE ia = 


tpp 


ADDRESS 


eee 
tewax 


-— tEWDX 
DATA IN Cf] ATAVALID. 


HIGH IMPEDANCE 
tpu tep 


DATA OUT 


loc 
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16K x 1 Static RAM 


L7C167 











| 











1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical] stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at—0.6 V. 
A current in excess of 100 mA is required to 
reach —2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., CE < VIL, WE < VIL. Input pulse levels 
are 0 to 3.0 V. 


7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE > VIH. 


8. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE = VCC. Input 
levels are within 0.2 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be 
2 VCC-0.2V. For all other inputs VIN 
2 VCC - 0.2 V or VIN < 0.2 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
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IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE 
low). 


15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 


16. The internal write cycle of the memory 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 


18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CE. 
b. Falling edge of WE (CE active). 
c. Transition on any address line (CE active). 


d. Transition on any data line (CE and WE 
active). 


The device automatically powers down 
from ICC2 to ICC! after tpp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter is sampled and not 
100% tested. 
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22. Alladdress timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE or WE must be high during address 
transitions. 


24. This productisa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used, 


+5 V 
OUTPUT 
INCLUDING 


JIG AND 
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+5 V 


OUTPUT 


INCLUDING 
JIG AND 
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Memory Products 


LDS.167-B 





16K x 1 Static RAM 


20-pin 
(0.3" wide) 
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L7c1 67DM35 
25 
20 
15 
12 
10 


[7C167DME3S 


25 
20 
15 
12 
10 


L7c1 67DM B35 


25 
. 20 
‘ 15 
2 12 
. 10 


if L7C167CM35 


25 
20 
15 
12 
10 


L7C167CME35 


25 
20 
15 
12 
10 


L7C167CMB35 
a a 25 


20 
15 
12 
10 
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Plastic SOIC 


- (.300"— U3) 


70167 ee 


Sr OODONONA WD + 





L7C167 


20-pin 
(290 x 425) 





L7C167WC35 L7C167KC35 
5 " 25 25 
: " 20 20 
. " 15 15 
. " 12 12 
. " 10 10 
® a 8 


L7C1 67KM35 
25 
20 


L7C167KME35 
25 
20 


16 
12 


L7C1 67KMB35 


Memory Products 


LDS.167-B 





) 4K x4 Static RAM with Common 
I/O, Output Enable (L7C170 only) 


{1 Auto-Powerdown™ Design 
Advanced CMOS Technology 
1} High Speed — to 8 ns maximum 


[ Low Power Operation 
Active: 190 mW typical at 35 ns 
Standby: 100 pW typical 

{) Data Retention at 2 V for Battery 
Backup Operation 


LJ Plug Compatible with IDT 6168 
and Cypress CY7C168/170 


( Package Styles Available: 
¢ 20/22-pin Plastic DIP 
¢ 20/22-pin Sidebraze, 

Hermetic DIP 
¢ 20/22-pin CerDIP 
¢ 20-pin Plastic SOIC 
¢ 20/24-pin Plastic SOJ 
¢ 20-pin Ceramic LCC 


ROW 
ADDRESS 


ROW SELECT 


CONTROL 


OE 
(L7G170 only) 


The L7C168 and L7C170 are high- 
performance, low-power CMOS static 
RAMs. The storage cells are organ- 


ized as 4096 words by 4 bits per word. 


Data In and Data Out signals share 
I/O pins. The L7C170 version adds 
an active-low Output Enable control. 
These devices are available in seven 
speeds with maximum access times 
from 8 ns to 35 ns. 


Inputs and output are TTL compat- 
ible. Operation is from a single +5 V 
power supply. Power consumption 
is 190 mW (typical) when being 
operated at 35 ns. Dissipation drops 
to 75 mW (typical) when the memory 
is deselected (Enable is high). 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 


128 x 32x 4 
MEMORY 


ARRAY 


COLUMN SELECT 
& COLUMN SENSE 


COLUMN ADDRESS 
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L7C168/170 





accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 
storage with a supply voltage as low 
as 2V. The L7C168 and L7C170 
consume only 15 pW (typical) at 3 V, 
allowing effective battery backup 
operation. 


The L7C168 and L7C170 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
An active-low Chip Enable and a 
three-state I/O bus simplify the 
connection of several chips for 
increased capacity. 





Memory locations are specified on 
address pins Ad through A11. Read- 
ing from a designated location is 
accomplished by presenting an 
address and driving CE low while WE 
remains high. The data in the address- 
ed memory location will then appear 
on the Data I/O pins within one 
access time. The I/O pins stay ina 
high-impedance state when CE or OE 
is high or WE is low. 


Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are low. Either signal 
may be used to terminate the write 
operation. Data In and Data Out 
signals have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L7C168 and L7C170 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 


Memory Products 


LDS.168/170-C 


4K x 4 Static RAM 


Storage temperature 

Operating ambient temperature 
Vcc supply voltage with respect to 
Input signal with respect to ground 
Signal applied to high impedance output 
Output current into low outputs 
Latchup current 


Mode 
Active Operation, Commercial 
Active Operation, Military 
Data Retention, Commercial 
Data Retention, Military 








Parameter 


O 


Symbol 





VOH 
Vi 


utput High Voltage 


OL Output Low Voltage 


















L7C168/170 


65°C to +150°C 
—55°C to +125°C 
-0.5 V to +7.0 V 
-3.0 V to +7.0 V 
-3.0 V to +7.0 V 


ground 


Supply Voltage 
45V<Vec<5.5V 
45V<sVec<5.5V 
20V<Vcc<5.5V 
2.0V<Vcc<5.5V 


Temperature Range (Ambient) 
0°C to +70°C 
—55°C to +125°C 
0°C to +70°C 
—55°C to +125°C 







Test Condition 





IOH = —4.0 mA, Voc = 4.5 V 


loL = 8.0 mA 
























fcin | Input Capacitance 
Output Capacitance 


Symbol Parameter 


ha) 
lil 
Hn 
iD) 


_E_E wwe <a 
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A oe A MRE bl 
+ 0.3 

VIL Input Low Voltage (Note 3) —3.0 0.8 

loz Output Leakage Current GND < Vout < Vcc, CE = Vcc ~10 +10 | pA 

los Output Short Current VouT = GND, Vcc = Max (Note 4) — —350} mA 

Icc3 Vcc Current, CMOS Standby | (Note 8) 20 | 100 | pA 

Icc4 Vcc Current, Data Retention | Vcc = 3.0 V (Note 9) 5 50 | pA 








Ambient Temp = 25°C, Vcc = 5.0 V 
Test Frequency = 1 MHz (Note 10) 
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4K x 4 Static RAM L7C168/170 





















L7C168/170- 






Parameter 
Read Cycle Time 
Address Valid to Output Valid (13, 14) 
ddress Change to Output Change 
Chip Enable Low to Output Valid (13, 15) 
Chip Enable Low to Output Low Z (20, 21) 
Chip Enable High to Output High Z (20, 21) 
Output Enable Low to Output Valid 
Output Enable Low to Output Low Z (20, 21) 
| toHaz | Output Enable High to Output High Z (20, 21) 
nput Transition to Power Up (10, 19) 
ftpp | Power Up to Power Down (10, 19) 
Chip Enable High to Data Retention (10) 


wo gee 
_ 
3 
s 
= 


.e) 


— 
Nn 
= 
foe) 





ADDRESS 
tavav 


DATA OUT PREVIOUS DATA VALID XK KK KS DATA VALID 


CE tavav 


tcley ——— tcHoz 
tcLoz 


OE 
(ETeHTOONY) anaes 
toLav 
ta ——7| Hs 
HIGH IMPEDANCE IMPEDANCE 
DATA OUT <<< DATA VALID 


tpp 
lec 50% 


DATA RETENTION MODE 


tcHVL 
Vin 





ee Se = Memory Products 
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4K x 4 Static RAM L7C168/170 


L7C168/170- 


Symbol Parameter 

Write Cycle Time 

Chip Enable Low to End of Write Cycle 

Address Valid to Beginning of Write Cycle 

Address Valid to End of Write Cycle 

| tewax | End of Write Cycle to Address Change 

Write Enable Low to End of Write Cycle 

Data Valid to End of Write Cycle 

| tEWDX End of Write Cycle to Data Change 

| twHaz | Write Enable High to Output Low Z (20, 21) 
tWLaz_ | Write Enable Low to Output High Z (20, 21) 


= lle 
N Nw oO 


ADDRESS 


bt tAVEW tEWAX 
tAVBW twiew 
WE AAS 
——— tewox 
DATA-IN VALID PC DOOD 


twiaz 
twHaz 
DATA OUT ——> —“_—&_re“ 


tpu ted 


loc tPu 


ADDRESS 


- a eee 
teEWwAx 


SEWON, 


DATA IN CJ] aA VAUD 


HIGH IMPEDANCE 
DATA OUT 


loc 
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4K x 4 Static RAM 


L7C168/170 














1, Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbe clamped beginning at—-0.6 V. 
A current in excess of 100 mA is required to 
reach—2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., CE < VIL, WE < VIL. Input pulse levels 
are 0 to3.0 V. 


7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. ' The device is continuously 
disabled, i.e., CE = VIH. 


8. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, ie., CE = VCC. Input 
levels are within 0.2 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be 
2VCC-0.2 V. For all other inputs VIN 
2 VCC - 0.2 V or VIN $0.2 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 


!) 


a in a 
an a 
= = —— 
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— 


— — 
=—— 
mm —_-— wes “a 
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IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE 
low). 


15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 


16. The internal write cycle of the memory 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 


18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CE. 
b. Falling edge of WE (CE active). 
e. Transition on any addressline (CE active). 


d. Transition on any data line (CE and WE 
active). 


The device automatically powers down 
from ICC2 to ICC1 after tpp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter issampled and not 
100% tested. 
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22. Alladdress timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE or WE must be high during address 
transitions. 


24. This product isa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 


R: 4809 
+5 V 


OUTPUT 
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JIG AND 
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JIG AND 
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Memory Products 


LDS.168/170-C 

















4K x 4 Static RAM 


(0.3" wide) 





Plastic DIP Sidebraze CerDIP Plastic SOIC 
peed (P6) Hermetic DIP (D7) (C2) (.300"— U3) 


35 ns L7C168PC35 eareter L7C168UC35 
25 25 


20 20 
15 15 
12 12 
10 10 


L7C1 68DM35 L7C1 68CM35 

25 25 
" 20 ‘i 20 
" 15 . 15 
"12 2 12 
* 10 . 10 


L7C1 68DM E35 L7C168CME35 
25 25 

20 . 20 

15 15 
. 12 

7 10 


L7c1 68DMB35 L7C1 68CMB35 
25 25 
20 : 20 
15 7 15 
12 e 12 
10 7 10 
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L7C168/170 


20-pin 
(290 x 425) 





Plastic SOJ Ceramic Leadiess 
(.300"— W3) _Chip Carrier (K6) _ 


L7C1 68WC35 L7C168KC35 
25 25 
20 20 
15 15 
12 12 
10 10 


L7C1 68KM35 
" 25 


L7C168KMB35 
25 
20 
15 
12 
10 
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LDS.188/170-C 


4K x 4 Static RAM L7C168/170 


22-pin 
(0.3" wide) 





ON DON WOM = 














Plastic DIP Sidebraze CerDIP Plastic SOJ 
peed (P8) Hermetic DIP (D8) (C3) (.300" — W1) 


L7C170PC35 L7C1 TODCSS T  L7C170CC35 L7C170WC35 
25 25 


25 
20 50 20 20 
15 15 15 15 
12 12 12 12 
10 10 10 10 
8 8 8 8 


L701 70DM35 L7C1 70CM35 
25 25 

20 20 

15 15 

12 12 

10 


L701 70DM E35 L7c1 700M E35 
25 25 
20 : " 20 
15 . " 15 
12 " 12 
"10 


L7c1 70CM B35 
25 
20 
15 
12 
10 
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4K x 4 Static RAM 


L7C171/172 





Ci 4K x 4 Static RAM with Separate 
I/O, Transparent Write (L7C171), 
or High Impedance Write (L7C172) 


€ Auto-Powerdown™ Design 
{) Advanced CMOS Technology 
1 High Speed — to 8 ns maximum 


[1 Low Power Operation 
Active: 190 mW typical at 35 ns 
Standby: 100 pW typical 

1 Data Retention at 2 V for Battery 
Backup Operation 


Q Plug Compatible with IDT 71681/ 
71682, Cypress CY7C171/172 


(3 Package Styles Available: 
¢ 24-pin Plastic DIP 
¢ 24-pin Sidebraze, Hermetic DIP 
¢ 24-pin CerDIP 
¢ 24-pin SOJ 
¢ 28-pin Ceramic LCC 


ROW 
ADDRESS 


ROW SELECT 


The L7C171 and L7C172 are high- 
performance, low-power CMOS static 
RAMs. The storage cells are organ- 


ized as 4096 words by 4 bits per word. 


Data In and Data Out are separate. 
These devices are available in seven 
speeds with maximum access times 
from 8 ns to 35 ns. 


Inputs and output are TTL compat- 
ible. Operation is from a single +5 V 
power supply. Power consumption 
is 190 mW (typical) when operating 
at 35 ns. Dissipation drops to75 mW 
(typical) when the memory is 
deselected (Enable is high). 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 


128 x 32 x4 


MEMORY 
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CONTROL 
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& COLUMN SENSE 


COLUMN ADDRESS 
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accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 
storage with a supply voltage as low 
as 2 V. The L7C171 and L7C172 
consume only 15 uW (typical) at 3 V, 
allowing effective battery backup 
operation. 


The L7C171 and L7C172 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
An active-low Chip Enable and a 
three-state output bus simplify the 
connection of several chips for 
increased storage capacity. 





Memory locations are specified on 
address pins Ad through A11. Read- 
ing from a designated location is 
accomplished by presenting an 
address and driving CE low while ~ 
WE remains high. The data in the 
addressed memory location will then 
appear on the Data Out pins within 
one access time. The output pins stay 
in a high-impedance state when WE is 
low (L7C172 only) or CE is high. 


Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. The Data In and Data 
Out signals have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L7C171 and L7C172 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 


Memory Products 


LDS.171/2-C 





4K x 4 Static RAM L7C171/172 


Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground -—0.5 V to +7.0 V 
Input signal with respect to ground -3.0 V to +7.0 V 
Signal applied to high impedance output -3.0 V to +7.0 V 
Output current into low outputs 

Latchup current 


Mode ) Supply Voltag 
Active Operation, Commercial 0°C to +70°C 45V<Vcec<5.5V 
Active Operation, Military —55°C to +125°C 45V<sVcec<55V 
Data Retention, Commercial 0°C to +70°C 2.0V<sVcc<5.5V 
Data Retention, Military —55°C to +125°C 2.0V<Vcc <5.5V 
























Symbol Parameter Test C 


Output High Voltage loH = —4.0 mA, Vcc = 4.5 V 
Output Low Voltage loL = 8.0 mA 
vi 


H 
L 
Z 


Typ | Max 


88/8) 
woo 
BERBUERIRIGGE 


3 
fe | mpurcurent «GND SVeWeo 
GND < Vout < Vcc, CE = Vcc 

|e Se v= Nes iw———— 


Icc3 Vcc Current, CMOS Standby | (Note 8) 


Icc4 Vcc Current, Data Retention | Vcc = 3.0 V (Note 9) 


PCin | Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 


CouT | Output Capacitance Test Frequency = 1 MHz (Note 10) 


+ 
—_ 
Oo 





3 





[e) 
[o) 
+ 
—_ 
Oo 
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L7C171/172- 


Symbol Parameter Test Condition | 35 | 25 | 20/ 15 | 12] 10] 8 | 
toot [Veocurent Acive [eee | 60 | «5 | es | 110] 195] 160) 165) 
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4K x 4 Static RAM L7C171/172 








L7C171/172- 









Symbol Parameter 


| Min| Max| 
twvav [ReadGydetime —SSSCS~S~s | 
tavav | Address Valid to Oupul Vaid 1a,14 + ‘| 8 
taxax | Address Change to Ouput Change =| 3 
tc.ov | Chip Enable Low to Output Vaid (13.76) | —_| 5] 
tc.az | Chip Enable Low to Output Low Z 20.21) | |_| 
Eo 
Pala 
ae 











tPU Input Transition to Power Up (10, 19) 
TCHVL Chip Enable High to Data Retention (10) 













ADDRESS 


DATA OUT | PREVIOUS DATAVALID PKK KKK DATA VALID 


tcHaz 
HIGH 
IMPEDANCE 


az 
DATA OUT HIGH IMPEDANCE 
CooSo*K DATA VALID 


tep 
loc 50% 


DATA RETENTION MODE 


tonve tavAv 
ViH 
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4K x 4 Static RAM L7C171/172 


ih L7C171/172- 
Symbol Parameter 


Fava | Address Vaid to Begining of Write Gycle | 
ewan | End of Wit Cycle to Address Change 
rMEW 
tmaz 
wiv 


ADDRESS 


CE 
t ewax 
a twLew 
WE 
p+ — tewox 
DATA IN >.> 
DATA OUT a twioz HIGH IMPEDANCE twHaz 


(L7C172 Only) : 
—————._twiav 


(7StT1 Only) a ee 
(L7G171 Only) DATA VALID 


loc 


ADDRESS 
CE 


WE QDS ie V7 ZZZZ222Z2 222 2 
————<—_ 
DATA IN €[_____baranvauDSsS™~—SSC~C~<S 


bes twioz 
MPEDA\ 
renter aets DATA UNDEFINED |_| Bio SNe 
_—— tovav 


DATA OUT 
(L7C171 Only) DATA VALID 
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4K x 4 Static RAM 





L70171/172 








1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbe clamped beginning at—0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE < VIL, WE s VIL. Input pulse levels 
are 0 to 3.0 V. 


7. Tested with outputs open and alladdress 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE > VIH. 


8. Tested with outputs open and alladdress 
and data inputs stable. The device is con- 
tinuously disabled, ie., CE = VCC. Input 
levels are within 0.2 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be 
2 VCC-0.2V. For all other inputs VIN 
2 VCC - 0.2 V or VIN <0.2 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 


— i 
nm «zn eee ee ee 
m= oT a ee 
ms em owe eee 
ee ee eee oe ee 





DEVICES INCORPORATED 


IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12, Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13, WE is high for the read cycle. 


14. The chip is continuously selected (CE 
low). 


15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 


16. The internal write cycle of the memory 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signa] that falls last or rises first. 


17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 


18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


19, Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CE. 
b. Falling edge of WE (CE active). 
c. Transition on any addressline (CE active). 


d. Transition on any data line (CE and WE 
active). 


The device automatically powers down 
from ICC2 to ICC! after trp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter is sampled and not 
100% tested. 
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22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE or WE must be high during address 
transitions. 


24. This product isa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 
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Memory Products 


LDS.171/2-C 














4K x 4 Static RAM 


24-pin 
(0.3" wide) 


Plastic DIP Sidebraze CerDIP - 
peed (P2) Hermetic DIP (D2) (C1) 


pl! is PC 
Let: 72PC 


pads a DG 
Let: 726 


L7C171DM 
or 
L7C172DM 


L7C171DME + 25 
or 20 or 
45 | L7C172DME 


L7C172DME 


L7C171DMB 
or 
L7C172DMB 
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L7C171CC 
or 
L7C172CC 


Eien DM 
L7c1: 72DM 


L7C171DME 


reel DMB 
L7C1 72DMB 
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L70171/172 


28-pin 
(450 x 450) 








wer 


Plastic SOJ 
(.300" — W1) 


Ceramic Leadiess 
Chip Carrier (K1) 


L7C171KC 
or 
L7C172KC 


L7C171WC 
or 
L7C172WC 


L7C171KM 
or 
L7C172KM 


L7C171KME 
or 
L7C172KME 


i2 
C40 


L7C171KMB 
or 
L7C172KMB 


Memory Products 


LDS.171/2-C 


2K x 8 Static RAM (Low Power) 


L6116/L6116L 





(4 2K x8 Static RAM with Chip Select 
Powerdown, Output Enable 
Q Auto-Powerdown™ Design 
Q Advanced CMOS Technology 
Q High Speed — to 10 ns maximum 
{1 Low Power Operation 
Active: 
250 mW (L6116) typical at 35 ns 
Standby (typical): 
100 pW (L6116) 
50 pW (L6116L) 


Qi Data Retention at 2 V for Battery 
Backup Operation 


QO Plug Compatible with IDT6116, 
Cypress CY7C128/CY6116 
Q) Package Styles Available: 
¢ 24-pin Plastic DIP 
¢ 24-pin Sidebraze, Hermetic DIP 
e 24-pin CerDIP 
¢ 24-pin Plastic SOIC 
¢ 24-pin Plastic SOJ 
¢ 28-pin Ceramic LCC 
¢ 32-pin Ceramic LCC 


ROW 
ADDRESS 


ROW SELECT 
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The L6116 and L6116L are high- 
performance, low-power CMOS static 
RAM. The storage circuitry is organ- 
ized as 2048 words by 8 bits per word. 
The 8 Data In and Data Out signals 
share I/O pins. These devices are 
available in six speeds with maximum 
access times from 10 ns to 35 ns. 


Inputs and output are TTL compat- 
ible. Operation is from a single +5 V 
power supply. Power consumption 
for the L6116 is 250 mW (typical) at 
35 ns. Dissipation drops to 75 mW 
(typical) for the L6116 and 60 mW 
(typical) for the L6116L when the 
memory is deselected (Enable is high). 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 
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storage with a supply voltage as low 
as 2 V. The L6116 and L6116L con- 
sume only 15 pW and 6 pW (typical) 
respectively at 3 V, allowing effective 
battery backup operation. 


The L6116 and L6116L provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
An active-low Chip Enable and a 
three-state I/O bus with a separate 
Output Enable control simplify the 
connection of several chips for 
increased storage capacity. 








Memory locations are specified on 
address pins Ao through A10. 

Reading from a designated location is 
accomplished by presenting an 
address and driving CE low while WE 
remains high. The data in the 
addressed memory location will then 
appear on the Data Out pins within 
one access time. The output pins stay 
in a high-impedance state when CE or 
OE is high, or WE is low. 


Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L6116 and L6116L can withstand an 
injection current of up to 200 mA on 
any pin without damage. 





Memory Products 


LDS.6116-B 


2K x 8 Static RAM (Low Power) L6116/L6116L 


Storage temperature —65°C to +150°C 
Operating ambient temperature ~—55°C to +125°C 
Vcc supply voltage with respect to ground -0.5 V to +7.0 V 
Input signal with respect to ground ~3.0 V to +7.0 V 
Signal applied to high impedance output -3.0 V to +7.0 V 
Output current into low outputs 

Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 45V<Vcec<5.5V 
Active Operation, Military —55°C to +125°C 45V<Vcc<55V 
Data Retention, Commercial 0°C to +70°C 2.0V<Vcc<5.5V 
Data Retention, Military —55°C to +125°C 2.0V<Vcc <5.5V 
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Symbol Parameter Test Condition 


Output High Voltage IOH = —4.0 mA, Vcc = 4.5 V 
Output Low Voltage loL = 8.0 mA 


Input High Voltage 


VIL Input Low Voltage (Note 3) 


Ix Input Leakage Current GND < VIN < Vcc 
loz Output Leakage Current GND < Vout < Vcc, CE = Vcc 
Output Short Current VouT = GND, Vcc = Max (Note 4) 


Vcc Current, TTL Inactive (Note 7) 


Vcc Current, CMOS Standby | (Note 8) 


Icc4 Vcc Current, Data Retention | Vcc = 3.0 V (Note 9) 
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CIN Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 


Output Capacitance Test Frequency = 1 MHz (Note 10) 


Symbol Parameter Test Condition | 35 | 


Vcc Current, Active (Note 6) 
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L6116/L6116L 


L6116/L6116L- 


Symbol Parameter 
Read Cycle Time 
Address Valid to Output Valid (13, 14) 
 taxax | ddress Change to Output Change 
hip Enable Low to Output Valid (13, 15) 
Chip Enable Low to Output Low Z (20, 21) 
Chip Enable High to Output High Z (20, 21) 
Output Enable Low to Output Valid 
Output Enable Low to Output Low Z (20, 21) 
| toHaz | Output Enable High to Output High Z (20, 21) 
ftpu Input Transition to Power Up (10, 19) 
tp Power Up to Power Down (10, 19) 

Chip Enable High to Data Retention (10) 
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ADDRESS 
tavav 


DATA OUT [| PREVIOUS DATAVAUID FE MK MHD DATA VALID 


DATA VALID 


50% 


22V 
tavAV 
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2K x 8 Static RAM (Low Power) L6116/L6116L 














Fi Wan Ma Wn a] a Wy Was -WWa Wa 
Symbol Parameter | Min| Max] Min] Max] Min 

p12] fio] | 
5) a ee 
C3 Oe 
ci 
[tewax | End of Write Cycle to Address Change OG 1 eV 
[twew | Wiite Enable Low io End of Wite Cycle rot [el | | 
Per sh tl 
Ftewox | End of Write Gycle to Data Change 2 ee eae ee 
[wna | Write Enable High to Ouiput Low Z(20, 21) GC Oa 
et fat tt 





ADDRESS 
c= UN VITIZUCLLL LLL 
——— 
WLEW 
WE rT 
EE ——_—— t ewox 
Caravan | SD 
twe 


DATA IN 
ee LL ee 
DATA OUT a 
tPpu tPp 


loc tPu 


ADDRESS 
i a, ne 
tewax 


tDVEW tEwbx 
LT, 
DAIAIN DATA-IN VALID 
HIGH IMPEDANCE 


DATA OUT 
teu tpp 


loc 
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L6116/L6116L 








1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at—0.6 V. 
A current in excess of 100 mA is required to 
reach—2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., CES VIL, WE < VIL. Input pulse levels 
are 0 to3.0 V. 


7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE > VIH. 


8. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE = VCC. Input 
levels are within 0.2 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be 
2 VCC -0.2 V. For all other inputs VIN 
2 VCC - 0.2 V or VIN $0.2 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
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IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE 
low). 


15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 


16. The internal write cycle of the memory 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


17. If WE goes low before or concurrent 
with CE going low, the output remains ina 
high impedance state. 


18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CE. 
b. Falling edge of WE (CE active). 
c. Transition onany addressline (CE active). 


d. Transition on any data line (CE and WE 
active). 


The device automatically powers down 
from ICC2 to ICC1 after tpp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter issampled and not 
100% tested. 
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22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE or WE must be high during address 


transitions. 


24. This productisa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 
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Memory Products 


LDS.6116-B 











2K x 8 Static RAM (Low Power) 


(0.3" wide) 


L6116PC L6116DC 
or or 
L6116LPC L6116LDC 


L6116DM 
or 
L6116LDM 


L6116DME 
or 
L6116LDME 


L6116DMB 
or 
L6116LDMB 
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L6116CC 
or 
L6116LCC 


L6116CM 
or 
L6116LCM 


L61 Teele 
L61 16LCME 


= L61 16CMB 


15 | L61 16LCMB 
12 
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24-pin 
(0.6" wide) 


L6116NC 
or 
L6116LNC 


35 
25 
20 
15 
12 
10 


L6116HC 
or 
L6116LHC 


L61 Pu 
L61 16LHM 


L6116HME 
or 
L6116LHME 


L6116HMB 
or 
L6116LHMB 





L6116/L6116L 


L6116IC 
or 
L6116LIC 


L6116IM 
or 
L6116LIM 


L6116IME 
or 
L6116LIME 


L6116IMB 
or 
L6116LIMB 


Memory Products 


LDS.6116-8 








2K x 8 Static RAM (Low Power) L6116/L6116L 








28-pin 32-pin 
(450 x 450) (450 x 550) 











Plastic SOIC Plastic SOJ Ceramic Leadless Ceramic Leadless 
(.300"— : — W1) Chip Carrier (K1) Chip Carrier (K7) 
EEN 


L6116UC 7 25 L6116WC eat TOR L6116TC 
or 20 or or 
L6116LUC + 15 L6116LWC L61 16LKC L6116LTC 


12 
10 


L6116KM L6116TM 
or or 
L6116LKM L6116LTM 


Het BAME L6116TME 
or 
L61 16LKME L6116LTME 


L61 Me L6116TMB 
or 
L61 1eLKMB L6116LTMB 





Memory Products 
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L7C187 





Q) 64K x 1 Static RAM with Separate 
I/O, Chip Select Powerdown 


Q Auto-Powerdown™ Design 
QO) Advanced CMOS Technology 
OQ) High Speed — to 8 ns maximum 


1) Low Power Operation 
Active: 135 mW typical at 35 ns 
Standby: 500 pW typical 

{ Data Retention at 2 V for Battery 
Backup Operation 


Q Plug Compatible with IDT 7187, 
Cypress CY7C187 


() Package Styles Available: 
© 22-pin Plastic DIP 
© 22-pin Sidebraze, Hermetic DIP 
© 22-pin CerDIP 
¢ 24-pin Plastic SOIC 
¢ 24-pin Plastic SOJ 
© 22-pin Ceramic LCC 


ROW 
ADDRESS 


ROW SELECT 
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The L7C187 is a high-performance, 
low-power CMOS static RAM. 

The storage circuitry is organized as 
65,536 words by 1 bit per word. This 
device is available in seven speeds 
with maximum access times from 

8 ns to 35 ns. 


Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 135 mW (typical) at 35 ns. Dissipa- 
tion drops to 75 mW (typical) when 
the memory is deselected (CE is high). 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
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data may be retained in inactive 
storage with a supply voltage as low 
as 2 V. The L7C187 consumes only 
30 pW (typical) at 3 V, allowing 
effective battery backup operation. 


The L7C187 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. An active-low 
Chip Enable and a three-state output 
simplify the connection of several 
chips for increased capacity. 


Memory locations are specified on 
address pins Ao through A15. 
Reading from a designated location is 
accomplished by presenting an 
address and driving CE low while WE 
remains high. The data in the 
addressed memory location will then 
appear on the Data Out pin within 
one access time. The output pin stays 
in a high-impedance state when CE is 
high or WE is low. 


Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L7C187 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 


Memory Products 


LDS.187-B 




















64K x 1 Static RAM L7C187 


Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C ° 
Vcc supply voltage with respect to ground -0.5 V to +7.0 V 
Input signal with respect to ground -3.0 V to +7.0 V 
Signal applied to high impedance output —3.0 V to +7.0 V 
Output current into low outputs 

Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 45V<Vcec<5.5V 
Active Operation, Military —55°C to +125°C 45V<Vcc<5.5V 
Data Retention, Commercial 0°C to +70°C 2.0V<Vcc<5.5V 
Data Retention, Military —55°C to +125°C 2.0V<Vcc <5.5V 









Symbol Parameter Test Condition Min Typ | Max 


VoH | Output High Voltage loH = —4.0 mA, Voc = 4.5 V F244; | | 
VOL Output Low Voltage loL = 8.0 mA | ff oa | 


Vin | Input High Voltage cal 


Input Current GND < VINs Vcc || +10 | 
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Output Leakage Current GND < Vout < Vcc, CE = Vcc 
Output Short Current VouT = GND, Vcc = Max (Note 4) 
Icc3 Vcc Current, CMOS Standby (Note 8) 


= 
Icc4 Vcc Current, Data Retention Vcc = 3.0 V (Note 9) | 
= 
al 















ae 
N 














CIN Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 
CouT | Output Capacitance Test Frequency = 1 MHz (Note 10) 














Symbol Parameter 


Icc1 
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64K x 1 Static RAM L7C187 





L7C187- 












Symbol Parameter 

Read Cycle Time 

Address Valid to Output Valid (13, 14) 

| taxax | ddress Change to Output Change 
Chip Enable Low to Output Valid (13, 15) 


| Min] Max 
|35| | 
|_| 35 
| 3] 
|| 35. 
Chip Enable Low to Output Low Z (20, 21) | 3] | 
|| 15) 
B20 2 
|| 35. 
nor 





Chip Enable High to Output High Z (20, 21) 
ltpu | Input Transition to Power Up (10, 19) 
ftp Power Up to Power Down (10, 19) 


Chip Enable High to Data Retention (10) 
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fel fol fol [os 
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ADDRESS 


DATA OUT | PREVIOUSDATAVALID DRX KOKO DATA VALID 


taxax 
teu 


tcLav : tcHoz 
tcLoz HIGH 


DATA OUT HIGH IMPEDANCE | pangp—engerpmerypmt IMPEDANCE 
AS SS DATA VALID 


teu tep 


lec 50% 


DATA RETENTION MODE 


22V 
tcHvL tavav 


Viq 
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64K x 1 Static RAM L7C187 


L7C187- 


Symbol Parameter 

Write Cycle Time 

Chip Enable Low to End of Write Cycle 
Address Valid to Beginning of Write Cycle 
Address Valid to End of Write Cycle 

| tewax | End of Write Cycle to Address Change 
Write Enable Low to End of Write Cycle 
Data Valid to End of Write Cycle 

| tEWOX | End of Write Cycle to Data Change 

| twHaz | Write Enable High to Output Low Z (20, 21) 
Write Enable Low to Output High Z (20, 21) 


| eee ieel 
al tAVEW teEwax 
WE 
KN AS 
tev tEWDX 
DATA IN Co ATAINVALION | DDD 
twu 


Le LT er 


ee ae ii 
DATA OUT — spuaeipene 


tpp 


lec 


ADDRESS 


cE 
tewax 
WE NSN 


— tDVEW t EWDX 
DATA IN DATA-IN VALID 
HIGH IMPEDANCE 
teu tpp 





DATA OUT 


loc 
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64K x 1 Static RAM 








L7C187 














1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbe clamped beginning at—0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data book supply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., CE < VIL, WE ¢ VIL. Input pulse levels 
are 0 to3.0 V. 


7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE => VIH. 


8. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE = VCC. Input 
levels are within 0.2 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be 
2 VCC-0.2 V. For all other inputs VIN 
2 VCC - 0.2 V or VIN < 0.2 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
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IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE 
low). 


15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 


16. The internal write cycle of the memo 

is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 


18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CE. 
b. Falling edge of WE (CE active). 
c. Transition onany addressline (CE active). 


d. Transition on any data line (CE and WE 
active). 


The device automatically powers down 
from ICC2 to ICC1 after tpp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter is sampled and not 
100% tested. 
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22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE or WE must be high during address 
transitions. 


24. This product isa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 
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64K x 1 Static RAM L7C187 


22-pin 22-pin 
(0.3" wide) (290 x 490) 


ON Doak WDM = 








Plastic DIP Sidebraze CerDIP Plastic SOIC Plastic SOJ Ceramic Leadless 
(P8) Hermetic DIP (D8) (C3) (.300"— U1) (.300"— W1) Chip Carrier (K4) 


= ns| L7C187PC35 L7C187DC35 | L7Ci1e7cc3s | L7C187UC35 L7C187WC35 L7C187KC35 
25 25 5 25 25 


20 20 20 
15 


L70187DM35 L7C187CM35 L7C187KM35 
, 25 25 25 
20 20 " 20 

15 15 7 415 

10 10 " 10 


L7C187DME35 L7C187CME35 L7C187KME35 
a a 25 * a 5 a * 25 

20 " 20 
15 15 " 15 — 


L7C187DMB35 L7C187CMB35 L7C187KMB35 
25 25 25 
20 20 20 
15 15 ie 
12 12 5 
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16K x 4 Static RAM 


L7C164/165/166 





(1) 16K x 4 Static RAM with 
Common I/O 


{4 Auto-Powerdown™ Design 
{] Advanced CMOS Technology 
QO High Speed — to 8 ns maximum 


() Low Power Operation 
Active: 210 mW typical at 35 ns 
Standby: 500 uW typical 


2 Data Retention at 2 V for Battery 
Backup Operation 


Q Plug Compatible with IDT 7188/ 
7198, Cypress CY7C164/166 


O Package Styles Available: 
¢ 22/24-pin Plastic DIP 
¢ 22/24-pin Sidebraze, 

Hermetic DIP 

22/24-pin CerDIP 

24-pin Plastic SOIC 
24-pin Plastic SOJ 
22-pin Ceramic LCC 
28-pin Ceramic LCC 


ROW 
ADDRESS 


ROW SELECT 


CE1 
WE 
6E CONTROL 
(L7C 165/166 only) 


CEe2 
(L7C165 only) 


The L7C164, L7C165, and L7C166 are 
high-performance, low-power CMOS 
static RAMs. The storage cells are 
organized as 16,384 words by 4 bits 
per word. Data In and Data Out 
signals share I/O pins. The L7C164 
has a single active-low Chip Enable. 
The L7C165 has two Chip Enables and 
a separate Output Enable. The L7C166 
has a single Chip Enable and an 
Output Enable. These devices are 
available in seven speeds with max- 
imum access times from 8 ns to 35 ns. 


Inputs and output are TTL compat- 
ible. Operation is from a single +5 V 
power supply. Power consumption is 
210 mW (typical) at 35 ns. Dissipation 
drops to 75 mW (typical) when the 
memory is deselected (Enable is high). 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 


256 x 64 x 4 
MEMORY 


ARRAY 


COLUMN SELECT 


& COLUMN SENSE 
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Eo 
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automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive stor- 
age with a supply voltage as low as 
2V. The L7C164, L7C165, and L7C166 
consume only 30 pW (typical) at 3 V, 
allowing effective battery backup 
operation. 


The L7C164, L7C165, and L7C166 
provide asynchronous (unclocked) 
operation with matching access and 
cycle times. An active-low Chip 
Enable and a three-state I/O bus 
simplify the connection of several 
chips for increased capacity. 


Memory locations are specified on 
address pins Ao through A13. For the 
L7C164 and L7C166, reading from a 
designated location is accomplished 
by presenting an address and driving 
CE1 low while WE remains high. For 
the L7C165, both CE1 and CE2 must 
be low. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin stays in a high- 
impedance state when CE or OE is 
high or WE islow. 


Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are low. Either signal 
may be used to terminate the write 
operation. Data In and Data Out 
signals have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L7C164, L7C165, and L7C166 can 
withstand an injection current of up to 
200 mA on any pin without damage. 
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16K x 4 Static RAM 


Storage temperature 

Operating ambient temperature 

Vcc supply voltage with respect to ground 
Input signal with respect to ground 

Signal applied to high impedance output 
Output current into low outputs 

Latchup current 


L7C164/165/166 


—65°C to +150°C 
—55°C to +125°C 
-0.5 V to +7.0 V 
—-3.0 V to +7.0 V 
—3.0 V to +7.0 V 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 45V<Vcc<5.5V 
Active Operation, Military —55°C to +125°C 45V<Vcc<5.5V 
Data Retention, Commercial 0°C to +70°C 2.0V<sVcc<5.5V 
Data Retention, Military —55°C to +125°C 2.0V<Vcc<5.5V 


G 


Symbol Parameter Test Condition 


Output High Voltage IOH = —4.0 mA, Voc = 4.5 V 
Output Low Voltage lo. = 8.0 mA 


Input Current GND < VIN s Voc 





Output Leakage Current GND < Vout < Vcc, CE = Vcc 


Output Short Current Vout = GND, Vcc = Max (Note 4) 
Vcc Current, CMOS Standby (Note 8) 


VIL Input Low Voltage (Note 3) 

[Vi__| InputLow Voltage | Notes) 
jx | 

[los | 








Vcc Current,Data Retention Vcc = 3.0 V (Note 9) 
FCIN | Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 
Output Capacitance Test Frequency = 1 MHz (Note 10) 
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16K x 4 Static RAM L7C164/165/166 





L7C164/165/166- 









Symbol Parameter 
Read Cycle Time 
Address Valid to Output Valid (13, 14) 

ddress Change to Output Change 


a 
Chip Enable Low to Output Valid (13, 15) | 
| 3 
ia 


~~ 
(e) 
| as 
O 
N 


Chip Enable Low to Output Low Z (20, 21) 
Chip Enable High to Output High Z (20, 21) 
Output Enable Low to Output Valid 
Output Enable Low to Output Low Z (20, 21) 


a 

Output Enable High to Output High Z (20, 21) i ees 
| oj} 
|| 35) 
| 0 


— 
Lv) 


Power Up to Power Down (10, 19) 
Chip Enable High to Data Retention (10) 


nput Transition to Power Up (10, 19) 





_ 
oO 
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DATA OUT | PREVIOUSDATAVALID AE XK DOOD DATA VALID 


TAXQX 
teu tpp 


tavav 


tclay —_—__——— tcHaz 
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OE 
es ee 
L7C166 Only) toLav 
toLaz HIGH 
HIGH IMPEDANCE aT a a a an, IMPEDANCE 
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SS 


tpp 
lec 6 50% 
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16K x 4 Static RAM | L7C164/165/166 


L7C164/165/166- 


Parameter 


m) : 
<= 
3 
io” 
2. 


TAVAV Write Cycle Time 
Chip Enable Low to End of Write Cycle 
Address Valid to Beginning of Write Cycle 
Address Valid to End of Write Cycle 
nd of Write Cycle to Address Change 
Write Enable Low to End of Write Cycle 
Data Valid to End of Write Cycle 
| tewox | End of Write Cycle to Data Change 
| twHaz | Write Enable High to Output Low Z (20, 21) 
Write Enable Low to Output High Z (20, 21) 


led 


ADDRESS 


ta tew 
WE X\ ASS 
——————_—_——_ tEWDX 
CATAINVALID | DS 
twu 


Cn hnh ae 


DATA IN 
aa aera ee 
DATA OUT Gl) 


tpu tpp 
Icc 
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a 


tewax 
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tDVEW tEWDX 
DATA IN DATA-IN VALID 
HIGH IMPEDANCE 
teu tep 


DATA OUT 
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16K x 4 Static RAM 


L7C164/165/166 

















1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at—-0.6 V. 
A current in excess of 100 mA is required to 
reach—2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE* < VIL, WE < VIL. Input pulse levels 
are 0 to 3.0 V. 


7. Tested with outputs open and alladdress 
and data inputs changing at the maximum 


read cycle rate. The device is continuously 
disabled, i.e., CE* > VIH. 


8. Tested with outputs open and alladdress 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE* = VCC. Input 
levels are within 0.2 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE* must be 
2 VCC-0.2 V. For all other inputs VIN 
2 VCC - 0.2 V or VIN < 0.2 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
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IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE* 
low). 


15. All address lines are valid prior-to or 
coincident-with the CE* transition to low. 


16. The internal write cycle of the memo 

is defined by the overlap of CE* low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


17. If WE goes low before or concurrent 
with CE* going low, the output remains ina 
high impedance state. 


18. If CE* goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CE*. 
b. Falling edge of WE (CE* active). 


c. Transition on any address line (CE* ac 
tive). 


d. Transition on any data line (CE* and WE 
active). 


The device automatically powers down 
from ICC2 to ICC1 after tpp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter issampled and not 
100% tested. 
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22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE* or WE must be high during address 


transitions. 


24. This productisa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 
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* For the L7C165, CE refers to the logical 
AND of CE1 and CE2. 
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22-pin 
(0.3" wide) 


16K x 4 Static RAM 


L7C164CC35 


Plastic DIP Sidebraze 
(P8) Hermetic DIP (D8) 








Plastic SOIC 
(.300"— U1) 


L7C164UC35 





Plastic SOJ 
(.300"— W1) 


L7C1 64WC35 


L7C164/165/166 


22-pin 
(290 x 490) 


Ceramic Leadiess 
Chip Carrier (K4) 


L7C164KC35 


25 25 25 25 25 
20 20 20 20 20 
15 15 15 15 15 
12 12 12 12 12 
10 10 10 10 10 


L711 64DM35 L7C1 64CM35 L7C1 64KM35 
25 25 25 
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12 

10 
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: : 15 
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16K x 4 Static RAM L7C164/165/166 








24-pin 
(0.3" wide) Voc 
A13 
Ai2 
Ai 
A10 
Ag 


A13 
A12 
Ali 
A10 
Ag 
(CE2) (NC for 166) (CE2) (NC for 166) 
03 03 

02 O2 

O14 CE /O1 

Oo OE Oo 

WE WE 


ANoahr wh = 














Plastic DIP Sidebraze CerDIP Plastic SOIC Plastic SOJ 
I Hermetic DIP Oa. (C1) (.300"— U1) (.300"— W1) 


L7C165PC L7C165DC L7C165CC L7C165UC L7C165WC 
or 2 or 2 or or 2 or 
L7C166PC L7C166DC L7C166CC L7C166UC L7C166WC 


L7C165DM L7C165CM 
or or 
L7C166DM L7C166CM 


L7C165DME 
or 
L7C166DME 


L7C165DMB 
or 
L7C166DMB 
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16K x 4 Static RAM L7C164/165/166 


28-pin 
(350 x 550) 


L7C165KC- 
or 
L7C166KC 


L7C165KM 
or 
L7C166KM 


L7C165KME 
or 
L7C166KME 


L7C165KMB 
or 
L7C166KMB 
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16K x 4 Static RAM 


L7C161/162 





{) 16K x 4 Static RAM with Separate 
I/O, Transparent Write (L7C161), 
or High Impedance Write (L7C162) 


Q Auto-Powerdown™ Design 
2) Advanced CMOS Technology 
QO High Speed — to 8 ns maximum 


1) Low Power Operation 
Active: 210 mW typical at 35 ns 
Standby: 500 pW typical 

() Data Retention at 2 V for Battery 
Backup Operation 


{) Plug Compatible with IDT 71981/ 
71982, Cypress CY7C161/162 


Q Package Styles Available: 
¢ 28-pin Plastic DIP 
28-pin Sidebraze, Hermetic DIP 
28-pin CerDIP 
28-pin Plastic SOIC 
28-pin Plastic SOJ 
28-pin Ceramic LCC 


ROW SELECT 


The L7C161 and L7C162 are high- 
performance, low-power CMOS static 
RAMs. The storage cells are organ- 
ized as 16,384 words by 4 bits per 
word. Data In and Data Out are sep- 
arate. These devices are available in 
seven speeds with maximum access 
times from 8 ns to 35 ns. 


Inputs and output are TTL compat- 
ible. Operation is from a single +5 V 
power supply. Power consumption 
is 210 mW (typical) at 35 ns. Dis- 
sipation drops to 75 mW (typical) 
when the memory is deselected 
(Enable is high). 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
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memory is deselected. In addition, 
data may be retained in inactive stor- 
age with a supply voltage as low as 
2V. The L7C161 and L7C162 con- 
sume only 30 pW (typical) at 3 V, 
allowing effective battery backup 
operation. 


The L7C161 and L7C162 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
Two active-low Chip Enables and a 
three-state bus output with a separate 
Output Enable control simplify the 
connection of several chips for 
increased storage capacity. 


Memory locations are specified on 
address pins Ao through A13. Read- 
ing from a designated location is 
accomplished by presenting an ad- 
dress and driving CE1 and CE2 low 
while WE remains high. The data in 
the addressed memory location will 
then appear on the Data Out pins 
within one access time. The output 
pins stay in a high-impedance state 
when WE is low (L7C162 only) or 
CE1, CE2, or OE is high. 

Writing to an addressed location is 
accomplished when the active-low 
CE1 and CE2 and WE inputs are all 
low. Any of these signals may be 
used to terminate the write operation. 
The Data In and Data Out signals 
have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L7C161 and L7C162 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 
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16K x 4 Static RAM 


Storage temperature 

Operating ambient temperature 

Vcc supply voltage with respect to ground 
Input signal with respect to ground 

Signal applied to high impedance output 
Output current into low outputs 

Latchup current 


Mode Temperature Range (Ambient) 


Active Operation, Commercial 0°C to +70°C 
Active Operation, Military —55°C to +125°C 
Data Retention, Commercial 0°C to +70°C 
Data Retention, Military -55°C to +125°C 


Symbol Parameter Test Condition 


Output High Voltage IOH = —4.0 mA, Vcc = 4.5 V 


Output Low Voltage loL = 8.0 mA 


Input Low Voltage (Note 3) 


pix Input Current GND < VIN < Voc 


L7C161/162 


—65°C to +150°C 
—55°C to +125°C 
—0.5 V to +7.0 V 
—3.0 V to +7.0 V 
-3.0 V to +7.0 V 


Supply Voltage 
45V<Vvec<5.5V 
45V<Vec<5.5V 
2.0V<Vcc<5.5V 
2.0V<Vcc <5.5V 


QO ine) 
ray BS 








Output Leakage Current GND < VouT < Vcc, CE = Vcc 


Hlos | Output Short Current VouT = GND, Vcc = Max (Note 4) 


Vcc Current, TTL Inactive (Note 7) 


Vcc Current, CMOS Standby (Note 8) 
Vcc Current, Data Retention Vcc = 3.0 V (Note 9) 











Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 





Output Capacitance Test Frequency = 1 MHz (Note 10) 


Symbol Parameter 
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16K x 4 Static RAM L7C161/162 





L7C161/162- 






rT, Neen 
< 
3 
Co 
o 
Se 


Parameter 
Read Cycle Time 135] | 
Address Valid to Output Valid (13, 14) 
ddress Change to Output Change 
Chip Enable Low to Output Valid (13, 15) 
Chip Enable Low to Output Low Z (20, 21) 
Chip Enable High to Output High Z (20, 21) 


|_| 35 
ia 
|_| 35] 
| 3| | 
|| 15. 
Output Enable Low to Output Valid | | 15] 
Oh! 
| | 12 
| of 
|_| 38 
Oe 


tOLQZ Output Enable Low to Output Low Z (20, 21) 
Output Enable High to Output High Z (20, 21) 
nput Transition to Power Up (10, 19) 
hteo Power Up to Power Down (10, 19) 


Chip Enable High to Data Retention (10) 


= _ 
Oo NO 
+ 
i=) 
_ 
a 





ADDRESS 


DATA OUT | PREVIOUSDATAVALID AK XK KOKO DATA VALID 


tAaxax 
teu 


tavav 


tcley ——_— tcnoz 


AE tcLaz 
oat ee ade 
toLov 
HIGH IMDEDANCE a a a IMPEDANCE 
DATA OUT Gan amt DATA VALID 


\_ ns 
tpp 
loc 50% 


DATA RETENTION MODE 


22V 
tcHvL tavav 


ViH 
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16K x 4 Static RAM L7C161/162 






| 35 | 258 | 20 | 15 | 2 | 10 {| 8 
Symbol Parameter in| Wax] wn [ax] in [ x] win] Max] in [a] in| Ma i a 
Pavey | Wits GyeieTime | #5] || |20| [as] _|va|_| vo) [s|_| 
Ficisw” | Chip Enable Lowio End ofWite Cycle [25] | 18] | 15] |v2| |%o{ | 8] [al | 
Favaw | Address Valid to Begining of Wete Gye | 0] | o| | of | o| | o| | o| |o|_| 
Ftaven | Address Validto End ofWrte Gye fas] | #5|_| 15] |te| [to] | 6] [s| | 
Ftewax | End of White Gyéle to Address Ghange | 0/ | o| | o| | o| | o| | 0] o|_| 
Frwew | Write Enable Low to End ofWrte Cycle [20] | %| | 45| {[72/ |10/ | | [esl _| 
Ftovew | Data Vaid to End of Wie Cycle [1s] | to] | w| | 7| | 6| | 8] | «|_| 
Ftewox_| End of Wile Cycle to DataChange | of | o| | o/ | of || | oj |o| | 
frwnoz | Wile Enable Highio Ouputtow Zia | o/ || | of | o| || || Jol _| 
Frmaz | Write Enable Low io Output High Ziao.2 | [to] | 7] | 7) | s|_[4| || [3] 
iwiav | WiteEnableLowte Ouputvald |_| sof [a0] | %s] [as] [v2] _[vo| |e 
frovav | Data Vaid to OutputVaid | | 0] | 20] [vs] |1s| [v2] [ro] [at 





ADDRESS 


CE . tL LLdAdL LALA Aa 
tewax 
WE 
tEwox 
DATA IN ==> 
DATA OUT twHoz 
(L7C162 Only) 


DATA OUT rem 
(L7C161 Only) DATA VALID 


ADDRESS 


CE 





WE LNXNNNANNNS . wey SZZZZZZZZLZLLLLL 


OE tex 
Rr 

= twig HIGH IMPEDANCE 
| | 


DATA IN 


DELAOUT ee = 


(L7C162 Only) TST 


DATA OUT 
(176161 Only) aaa eee eee DATA VALID 


DATA UNDEFINED 





—————— Memory Products 


DEVICES INCORPORATED 
2-58 LDS.161/2-A 





L7C161/162 




















1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at—0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CEX < VIL, WE < VIL. Input pulse levels 
are 0 to 3.0 V. 


7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE1 or CE2 > VIH. 


8. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE1 or CE2 = VCC. 
Inputlevels are within 0.2 V of VCC orGND. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CEi or CE2 
must be 2 VCC - 0.2 V. For all other inputs 
VIN = VCC-0.2V or VIN<S0.2V is re- 
quired to ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
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IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE 
and CE2 low). 


15. All address lines are valid prior-to or 
coincident-with the later of CE1 and CE2 


transition to low. 


16. The internal write cycle of the memory 
is defined by the overlap of CE1, CE2 low 
and WE low. All three signals must below to 
initiate a write. Any signal can terminate a 
write by going high. The address, data, and 
control input setup and hold times should 
be referenced to the signal that falls last or 
rises first. 

17. If WE goes low before or concurrent 
with the later of CE1 and CE2 going low, the 
output remains in a high impedance state. 


18. If CE1 or CE2 goes high before or con- 
current with WE going high, the output 
remains in a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CEx (other CE active). 
b. Falling edge of WE (CE1, CF? active). 


c. Transition on any address line (CE1, CE2 
active). 


d. Transition onany data line (CEi , CE2,and 
WE active). 


The device automatically powers down 
from ICC2 to ICC! after tev has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 








21. Transition is measured +200 mV from 
Steady state voltage with specified loading 
in Fig. 1b. This parameteris sampled and not 
100% tested. 


22. Alladdress timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 

23. CE1, CE2, or WE must be high during 
address transitions. 





24. This product isa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 





FiGureE 1a. 


R1 4802 
+5 V 


OUTPUT 


INCLUDING 
JIG AND 
SCOPE 


Figure 1b. es 


Ri 480 Q 
+5V 
OUTPUT 
INCLUDING 


JIG AND 
SCOPE 
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(0.3" wide) 


L7C161PC 
or 
L7C162PC 
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16K x 4 Static RAM 


L7C161DC 
or 
L7C162DC 


L7C161DM 
or 
L7C162DM 


L7C161DME 
or 
L7C162DME 


L7C161DMB 
or 
L7C162DMB 


L7C161CC 
or 
L7C162CG 


L7C161CM 
or 
L7C162CM 


L7C1 & CME 
L7C1 62CME 


L7C1 ° CMB 
L7C1 62CMB 














3 

25 |L7C161WC 
20 or 

15 | L7C162WC 


L7C161/162 


28-pin 
(350 x 550) 


Ceramic Leadiess 
Chip Carrier (K5) 


L7C161KC 
or 
L7C162KC 


L7C161KM 
or 
L7C162KM 


L7C161KME 
or 
L7C162KME 


L7C1 be, KMB 
L7C1 @2KMB 
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8K x 8 Static RAM (Low Power) 


~L7C185/L7CL185 





[2 8K x8 Static RAM with Chip Select 
Powerdown, Output Enable 
 Auto-Powerdown™ Design 
[4 Advanced CMOS Technology 
High Speed — to 10 ns maximum 
(1 Low Power Operation 
Active: 
320 mW (L7C185) typical at 35 ns 
Standby (typical): ~ 
500 pW (L7C185) 
250 pW (L7CL185) 


Q) Data Retention at 2 V for Battery 
Backup Operation 


Q Plug Compatible with IDT7164, 
Cypress CY7C185/186 


Q) Package Styles Available: 
¢ 28-pin Plastic DIP 
¢ 28-pin Sidebraze, Hermetic DIP 
¢ 28-pin CerDIP 

28-pin Plastic SOIC 

28-pin Plastic SOJ 

28-pin Ceramic LCC 

32-pin Ceramic LCC 


Vcc GND 


ROW 
ADDRESS 


ROW SELECT 


COLUMN SELECT 
& COLUMN SENSE 
5 


> 
< 


COLUMN ADDRESS 
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The L7C185 and L7CL185 are high- 
performance, low-power CMOS static 
RAMs. The storage circuitry is organ- 
ized as 8,192 words by 8 bits per 
word. The 8 Data In and Data Out 
signals share I/O pins. These devices 
are available in six speeds with max- 


imum access times from 10 ns to 35 ns. 


Inputs and output are TTL compat- 
ible. Operation is from a single +5 V 
power supply. Power consumption 
for the L7C185 is 320 mW (typical) at 
35 ns. Dissipation drops to 75 mW 
(typical) for the L7C185 and 60 mW 
(typical) for the L7CL185 when the 


memory is deselected (Enable is high). 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 


256 x 32x 8 
MEMORY 


ARRAY 
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data may be retained in inactive stor- 
age with a supply voltage as low as 
2V. The L7C185 and L7CL185 
consume only 30 pW and 15 pW 
(typical) respectively at 3 V, allowing 
effective battery backup operation. 


The L7C185 and L7CL185 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
Two Chip Enables (one active-low) 
and a three-state I/O bus with a 
separate Output Enable control 
simplify the connection of several 
chips for increased storage capacity. 


Memory locations are specified on 
address pins Ao through A12. 
Reading from a designated location is 
accomplished by presenting an ad- 
dress and driving CE1 low and CE2 
high while WE remains high. The 
data in the addressed memory 
location will then appear on the Data 
I/O pins within one access time. The 
I/O pins stay in a high-impedance 
state when CEI is high or CE2 or WE 
is low. 


Writing to an addressed location is 
accomplished when the active-low 
CE1 and WE inputs are both low, and 
CE2 is high. Any of these signals may 
be used to terminate the write 
operation. Data In and Data Out 
signals have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L7C185 and L7CL185 can withstand 
an injection current of up to 200 mA 
on any pin without damage. 
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8K x 8 Static RAM (Low Power) 


Storage temperature 
Operating ambient temperature 


Vcc supply voltage with respect to ground 


Input signal with respect to ground 
Signal applied to high impedance o 
Output current into low outputs 
Latchup current 


Mode 
Active Operation, Commercial 
Active Operation, Military 
Data Retention, Commercial 
Data Retention, Military 


Parameter 


VOH Output High Voltage 
VOL Output Low Voltage 


Vv Input High Voltage 


7) 
< 
3 
x 
2 


IH 


Input Low Voltage 


CIN 


Input Capacitance 


i 
= 








CouT 


Output Capacitance 





Symbol Parameter 
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Test Condition 


Vcc Current, Active (Note 6) 110 | 


L7C185/L7CL185 


—65°C to +150°C 
—55°C to +125°C 
—0.5 V to +7.0 V 
—3.0 V to +7.0 V 


utput 


Supply Voltage 
45V<Vcc<5.5V 
45V<sVcc<5.5V 
2.0V<Vcc<5.5V 
2.0V<Vcc<5.5V 


Temperature Range (Ambient) 
0°C to +70°C 
—55°C to +125°C 
0°C to +70°C 
—55°C to +125°C 


Test Condition 
IOH = —4.0 mA, Vcc = 4.5 V 
IoL = 8.0 mA 





(Note 3) 

GND < VIN < Voc 

GND < VouT < Vcc, CE = Vcc 
VouT = GND, Vcc = Max (Note 4) 
(Note 7) 

(Note 8) 

Vcc = 3.0 V (Note 9) 

Ambient Temp = 25°C, Vcc = 5.0 V 
Test Frequency = 1 MHz (Note 10) 





























- 


25 | 20 | 15 | 12 | 10 | Unit | 
Piso] tes | 240] 76] ooo | [ma 
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8K x 8 Static RAM (Low Power) L7C185/L7CL185 



















R 


L7C185/L7CL185- 
| 35 | 25 
Symbol Parameter | Min | | Min | 


Read Cycle Time 
Address Valid to Output Valid (13, 14) 


[ Max Min | Max | 
fas] | 25) 
| [35 | [25 | 

Tat Gip rae wots Gaps van aaa —| TE a 
Chip Enable Active to Output Valid (13,15) [| [35 | [25 | 
tCLQZ Chip Enable Active to Output Low Z (20, 21) (3{ [3] | 
tCHQZ Chip Enable Inactive to Output High Z (20, 21) a Za 
| tovav_| Output Enable Low to Output Valid | 15 | 
Output Enable Low to Output Low Z (20, 21) lo] [ol] 
toHaz | Output Enable High to Output High Z (20,21) | [12 | | 
Pu roy [eo] 
| fas] 
jot |o| 









Ee 
Phat ft tats al 


| fo) lel 
SCRCORABCHCE 

fel felt [+] lol [ale 

nee 
CEE Hi 


— 
a 















Input Transition to Power Up (10, 19) 


to Power Up to Power Down (10, 19) 


Chip Enable Inactive to Data Retention (10) 











ADDRESS 


DATA OUT | PREVIOUS DATAVALIO EK KX KKXKO DATA VALI 


taxax 
teu tpp 


totev 
HIGH IMPEDANCE om a a a an, IMPEDANCE 
a. 


he DATA VALID 


DATA RETENTION MODE 


tcHvL tavav 
Vin 





ji 
i 
n ) 
th 
i) 


ee Se “See 
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8K x 8 Static RAM (Low Power) L7C185/L7CL185 










[A TCS Over Op 

i eG 
Symbol Parameter in| wa] i [ |Win [a ina] i | | Wa] a 
Fava Wate GyeioTime—___—_|#s|_|@0| ao, |v} |v] [vo] | |_| 
FTeiew | Chip Enable Aaive to End of Wie Gye [25] 15[ [15] [v2] |v} [at | |_| 
Favaw | Adds Vaid to Beginning of Wite Cycle | 0/ | 0} | 0] | o| | of ,o, | | 
Favew [Address ValdioEndofWeteoycie ifs] is| [a5] |i] |v] || | |_| 
Ftewax | End of Wite Gyce to Address Changs | 0/ | 0] | of | of J of | o| || 
Fiwew | Wit Enable Low to End ofWrite Cyclo [20] | 15| [78] | v2| |! [el | |_| 
Fiovew | Data Vaidto End of Wie Cycle | 8] | | | wo? | 7 | | Ts} | | 
[tewox | End of Wit Oyclete Datahange | 0 | of | of | o| | o| |o| | | | 
Fiwnaz | White Enable High to OuputLow Z@o.27 | 0] | of | of | of | o| fol || 
[waz | Witte Enable Low to Ouput High Z 0.207 | [tol [vr [7 [st | 4t [4] 





ADDRESS 
eS  ——— 
— ee 
CE: sN ANS iL LLAA dA A dale 
Se a 
cof tavew twlew 
WE XS AAS 


SS ——— ee ee 
DATA IN CATAL dd 


ae MF 


HIGH IMPEDANCE twHaz 


tpp 


ADDRESS 
CE2 


WE DOXA ace LZZZZLLLLL LLL 2 


tEWDXx 


DATA IN Cf TAWA 


IMPED. 
DATA OUT ————_ 
tpu tep 
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L7C185/L7CL185 














1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at—0.6 V. 
Acurrent in excess of 100 mA is required to 
reach~2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., CE1, CE2 < VIL, WE < VIL. Input pulse 
levels are 0 to 3.0 V. 


7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE1 > VIH, CE2 < VIL. 


8. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE1 = VCC, CE2 = 
GND. Input levels are within 0.2 V of VCC 
or ground, 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be 
2 Vcc - 0.2 V. For the L7C185, all other in- 
puts meet VIN < 0.2 V or VIN = VCC -0.2 V 
toensure full powerdown. For the L7CL185, 
this requirementapplies only to CE and WE; 
there are no restrictions on data and ad- 
dress. 


!) 


ia in oa 
—— a 
= eo — on 
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_— ~seee ~ar 


ju 
il 
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10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE1 
low, CE2 high). 


15. All address lines are valid prior-to or 
coincident-with the later of CE1 and CE2 
transition to active. 


16. The internal write cycle of the memory 
is defined by the overlap of CE1 and CE2 
activeand WE low. Allthreesignals must be 
active to initiate a write. Any signal can 
terminate a write by going inactive. The 
address, data, and control input setup and 
hold timesshould be referenced to the signal 
that becomes active last or becomes inactive 
first. 


17. If WE goes low before or concurrent 
with later of CE1 and CE2 going active, the 
output remains in a high impedance state. 


18. If CE1 and CE2 goes inactive before or 
concurrent with WE going high, the output 
remains in a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Rising edge of CE2. 
b. Falling edge of WE (CE1, CE2 active). 


c. Transition on any address line (CE1, CE2 
active). 


d. Transition on any data line (CE1,CE2,and 
WE active). 


The device automatically powers down 
from ICC2 to ICC1 after tpp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 
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20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameteris sampled and not 
100% tested. 


22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE1,CE2,or WE mustbeinactive during 
address transitions. 


24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can causea good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 


Ri 4802 


+5 V 
OUTPUT 


INCLUDING 
JIG AND 
SCOPE 





Rt 480 Q 
+5V 


OUTPUT 


INCLUDING 
JIG AND 
SCOPE 
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(0.3" wide) 


EreN oe 
L7CL185PC 


L7C185DC 
or 
L7CL185DC 


L7C185DM 
or 
L7CL185DM 


L7C185DME 
or 


L7CL18S5DME 


L7C185DMB 
or 


L7CL185DMB 





L7C185CC 
or 
L7CL185CC 


L7C185CM 
or 
L7CL185CM 


L7C185CME 
or 
L7CL185CME 


L7C1 SoM 
L7CL1 85CMB 


28-pin 


(0.6" wide) 


L7C185NC 
or 
L7CL185NC 


L7C185/L7CL185 


NC 
A12 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 
Oo 
VO1 
O02 





GND 


sib log 
L7cLi aSHC 


L7C185HM 
or 
L7CL185HM 


L7C185HME 
or 
L7CL185HME 


L7C185HMB 
or 
L7CL185HMB 
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Plastic SOIC 
Speed (.300"— U2) 


L7C185UC 
or 
L7CL185UC 
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28-pin 
(350 x 550) 














Plastic SOIC Plastic SOJ 
(.340"— V2) (.300"— W2) 


L7C185WC L7C185KC 


or 
L7CL185WG 


L7C185VC 


or or 
L7CL185VC L7CL185KC 


L7C185KM 
or 
L7CL185KM 


L7C185KME 


or 
L7CL185KME 


L7C185KMB 
or 
L7CL18S5KMB 





2-67 


L7C185/L7CL185 


32-pin 
(450 x 550) 


L7C185TC 
or 
L7CL185TC 


L7C185TM 
or 
L7CL185TM 


L7C185TME 
or 
L7CL185TME 


L7C185TMB 
or 
L7CL185TMB 
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[4 256K x 1 Static RAM with Separate 
I/O, Chip Select Powerdown 


QO Auto-Powerdown™ Design 
2 Advanced CMOS Technology 
QO High Speed — to 12 ns maximum 


{1 Low Power Operation 
Active: 210 mW typical at 45 ns 
Standby: 500 pW typical 


1 Data Retention at 2 V for Battery 
Backup Operation 


CL) Plug Compatible with IDT 71257, 
Cypress CY7C197 


QO Package Styles Available: 
¢ 24-pin Plastic DIP 
¢ 24-pin Sidebraze, Hermetic DIP 
¢ 24-pin CerDIP 
¢ 24-pin Plastic SOIC 
¢ 24-pin Plastic SOJ 


ROW 
ADDRESS 


ROW SELECT 
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The L7C197 is a high-performance, 
low-power CMOS static RAM. The 
storage circuitry is organized as 
262,144 words by 1 bit per word. This 
device is available in six speeds with 
maximum access times from 12 ns to 
45 ns. 


Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 210 mW (typical) at 45 ns. Dissipa- 
tion drops to 35 mW (typical) when 
the memory is deselected (CE is high). 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 


1024 x 256 
MEMORY 
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memory is deselected. In addition, 
data may be retained in inactive stor- 
age with a supply voltage as low as 
2V. The L7C197 consumes only 

1.5 mW (typical) at 3 V, allowing 
effective battery backup operation. 


The L7C197 provide asynchronous 
(unclocked) operation with matching 
access and cycle times. An active-low 
Chip Enable and a three-state output 
simplify the connection of several 
chips for increased capacity. 


Memory locations are specified on ad- 
dress pins Ao through A17. Reading 
from a designated location is accom- 
plished by presenting an address and 
driving CE low while WE remains 
high. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin stays in a high- 
impedance state when CE is high or 
WE is low. 


Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L7C197 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 
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256K x 1 Static RAM L7C197 


Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground -0.5 V to +7.0 V 
Input signal with respect to ground -3.0 V to +7.0 V 
Signal applied to high impedance output -3.0 V to +7.0 V 
Output current into low outputs 

Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 45V<Vcec<5.5V 
Active Operation, Military -55°C to +125°C 45V<Vcec<5.5V 
Data Retention, Commercial 0°C to +70°C 20V<Vcc<5.5V 
Data Retention, Military —55°C to +125°C 2.0V<Vcec<5.5V 













Parameter Test Condition 


a High Voltage loH = -4.0 mA, Voc = 4.5 V peat | V 


FVoL | Output Low Voltage loL = 8.0 mA 


Input High Voltage E 





rove bol 























oe Input Current GND s VINs Vcc 
los Output Short Current VouT = GND, Vcc = Max (Note 4) 
Icc2 Vcc Current, TTL Inactive (Note 7) 













Icc4 Vcc Current, Data Retention | Vcc = 3.0 V (Note 9) 
Ambient Temp = 25°C, Vcc = 5.0 V 
Test Frequency = 1 MHz (Note 10) 


































CIN Input Capacitance 














CouT | Output Capacitance 










Symbol Parameter Test Condition 


Vcc Current, Active (Note 6) 
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256K x 1 Static RAM L7C197 











| 45 | 35 | 2 | 2 | 15 | 12 | 
Symbol Parameter | Min | | Min | 


| Min | Max] Min | Max| Min |Max| Min | Max) Min | Max’ 

ftavav_| ReadCycleTime | a5 | | cs] | os | | 0] | ts | 

Address Valid to Output Valid (13, 14) | | 45] | 35] | | 20] 15 | 
taxox | Address Change to Output Change ‘| |__| _ 

Fto.av | Chip Enabie Low to Output Valid 3,16) | | 8) 

| tc1az_| Chip Enable Lowto OutputLowZ(2021) | 3] | 3 

Chip Enable High to Output High Z (20, 21) | | is] 

| o| | ol 

| | a5] 

| of fo 










Input Transition to Power Up (10, 19) 
tPD Power Up to Power Down (10, 19) 
tCHVL Chip Enable High to Data Retention (10) 













ADDRESS 
tavav 


DATA OUT | PREVIOUS DATAVALID. KK KOO DATA VALID 


tAxax 
teu tpp 


tctav tcHaz 


LOZ 
DATA OUT HIGH IMPEDANCE 
oC DATA VALID 


tpp 
loc fo 50% 


HIGH 
({MPEDANCE 


DATA RETENTION MODE 


tcHvi 
Vix 
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256K x 1 Static RAM L7C197 
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|, 
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Pere ere ere 






Symbol Parameter 

Write Cycle Time 

Chip Enable Low to End of Write Cycle 
Address Valid to Beginning of Write Cycle 
Address Valid to End of Write Cycle 

| teWAX End of Write Cycle to Address Change 
Write Enable Low to End of Write Cycle 
Data Valid to End of Write Cycle 

End of Write Cycle to Data Change 

| twHaz | Write Enable High to Output Low Z (20, 21) 
Write Enable Low to Output High Z (20, 21) 
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tOVEW tEWDX 
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DATA IN DATA-IN VALID 

HIGH IMPEDANCE 
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DATA OUT 


loc 





Memory Products 


2-72 LDS.197-A 


DEVICES INCORPORATED 





L7C197 





1. Maximum Ratings indicate stress specifi- 
cations only. Functional! operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at—0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi- 
nite operation with inputs as low as ~3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., CE < VIL, WE < VIL. Input pulse levels 
are 0 to 3.0 V. 


7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate, The device is continuously 
disabled, i.e., CE > VIH. 


8. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e, CE = VCC. Input 
levels are within 0.2 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be 
2 VCC-0.2V. For all other inputs VIN 
2 VCC - 0.2 V or VIN < 0.2 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
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IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE 
low). 


15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 


16. The internal write cycle of the panes 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 


18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CE. 
b. Falling edge of WE (CE active). 
c. Transition onany address line (CE active). 


d. Transition on any data line (CE and WE 
active). 


The device automatically powers down 
from ICC2 to ICC1 after trp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter is sampled and not 
100% tested. 
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22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE or WE must be high during address 
transitions. 


24. This productis avery high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 uF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 
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256K x 1 Static RAM 


24-pin 
(0.3”" wide) 


Plastic DIP Sidebraze CerDIP 
Speed (P2) _ Hermetic DIP (02) (C1) 


L7c197PC45 | OC 
35 35 


25 25 
20 20 
16 15 
12 12 


L7c1 97DM45 


" 35 
" 25 
" 20 
" 15 


L7C1970M E45 
35 

; 25 

. 20 

. i5 


L7C1 o7DMB4S 
. 35 
a * 25 
a a 20 
a ® 1 5 
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~ L7C197CC45 
35 


25 
20 
15 
12 


L7C1 97CM45 
" 35 
" 25 
* 20 
" 15 


L7C1 97CME45 
35 

: 25 

; 20 

: 5 


L7C197CMB45 
a s 35 

25 

15 
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Plastic SOJ 
(.300"— W1) 


L701 it 
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64K x 4 Static RAM 


L7C194/195/196 








Q) 64K x 4 Static RAM with Common 
I/O 

{J Auto-Powerdown™ Design 

L) Advanced CMOS Technology 

QO High Speed — to 15 ns maximum 

(3 Low Power Operation 
Active: 265 mW typical at 45 ns 
Standby: 10 mW typical 

(1 Data Retention at 2 V for Battery 
Backup Operation 

Q Plug Compatible with IDT 71258/ 
61298, Cypress CY7C194/196 


QO) Package Styles Available: 
e 24/28-pin Plastic DIP 
¢ 24/28-pin Sidebraze, 

Hermetic DIP 
¢ 24/28-pin CerDIP 
© 24/28-pin Plastic SOIC 
¢ 24/28-pin Plastic SOJ 


Vcc GND 


4 4 


ROW 
ADORESS 


ROW SELECT 


OE 
(L76195/196 only) 


CE2 
(L7C196 only) 
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The L7C194, L7C195, and L7C196 are 
high-performance, low-power CMOS 
static RAMs. The storage cells are 
organized as 65,536 words by 4 bits 
per word. Data In and Data Out 
signals share I/O pins. The L7C194 
has a single active-low Chip Enable. 
The L7C195 has a single Chip Enable 
and an Output Enable. The L7C196 
has two Chip Enables and a separate 
Output Enable. These devices are 
available in five speeds with max- 


imum access times from 15 ns to 45 ns. 


Inputs and output are TTL compat- 
ible. Operation is from a single +5 V 
power supply. Power consumption is 
265 mW (typical) at 45 ns. Dissipation 
drops to 100 mW (typical) when the 
memory is deselected (Enable is high). 


256 x 256 x 4 
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Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive stor- 
age with a supply voltage as low as 
2V. The L7C194, L7C195, and L7C196 
consume only 1.5 mW (typical) at 

3 V, allowing effective battery backup 
operation. 


The L7C194, L7C195, and L7C196 
provides asynchronous (unclocked) 
operation with matching access and 
cycle times. An active-low Chip 
Enable and a three-state I/O bus 
simplify the connection of several 
chips for increased capacity. 


Memory locations are specified on 
address pins Ad through A15. For the 
L7C194 and L7C195, reading from a 
designated location is accomplished 
by presenting an address and driving 
CE1 low while WE remains high. For 
the L7C196, both CE1 and CE2 must 
be low. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin stays in a high- 
impedance state when CE1, CE2, or 
OE is high, or WE is low. 


Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are low. Either signal 
may be used to terminate the write 
operation. Data In and Data Out 
signals have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L7C194, L7C195, and L7C196 can 
withstand an injection current of up to 
200 mA on any pin without damage. 
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64K x 4 Static RAM L7C0194/195/196 


—65°C to +150°C 


Storage temperature 
—55°C to +125°C 


Operating ambient teMpPerature ...........csssesccerrscssrcsssssscccnsssssasseecessesenssesnsesssesesanessaseneeesneaees 
Vcc supply voltage with respect to ground -0.5 V to +7.0 V 
Input signal with respect to ground -3.0 V to +7.0 V 
Signal applied to high impedance output -3.0 V to +7.0 V 
Output current into low outputs 

Latchup current 


_ Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 45V<sVcec<5.5V 
Active Operation, Military —55°C to +125°C 45V<sVcec<5.5V 
Data Retention, Commercial 0°C to +70°C 2.0V<Vcc<5.5V 
Data Retention, Military -55°C to +125°C 2.0V<Vcc<5.5V 


Symbol Parameter Test Condition 


Output High Voltage JOH = —4.0 mA, Vcc = 4.5 V 


Output Low Voltage loL = 8.0 mA 


Input Low Voltage (Note 3) -3. 
Six | Input Current GND < VIN < Vcc - 
Output Leakage Current GND < Vout < Vcc, CE = Vcc 


Output Short Current VouT = GND, Vcc = Max (Note 4) 


Icce Vcc Current, TTL Inactive (Note 7) 
Icc3 Vcc Current, CMOS Standby | (Note 8) 
4 














cc 
cc 
Vcc Current, Data Retention | Vcc = 3.0 V (Note 9) 


;CIN | Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 
Output Capacitance Test Frequency = 1 MHz (Note 10) 


Symbol Parameter Test Condition 
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L7C194/195/196 


L7C194/195/196- 


Symbol! 


Parameter 
Read Cycle Time 
Address Valid to Output Valid (13, 14) 
Address Change to Output Change 
Chip Enable Low to Output Valid (13, 15) 
Chip Enable Low to Output Low Z (20, 21) 
Chip Enable High to Output High Z (20, 21) 
Output Enable Low to Output Valid 
Output Enable Low to Output Low Z (20, 21) 
Output Enable High to Output High Z (20, 21) 
Input Transition to Power Up (10, 19) 





| |s|_lels| |x| [xl LF 
el lel fel | [el [ol elk 


ftp Power Up to Power Down (10, 19) 
Chip Enable High to Data Retention (10) 


oi 
_ 
ai 
=a! ou 
a; o 
+ 
Oo 






A 


ADDRESS 


DATA OUT PREVIOUS DATA VALID KX XKXOOO DATA VALID 


XOX 
tpu ie tpp 
Icc a, sh 


CE tavav 


te ee tcHaz 


tcLoz 


OE 
aback Ee 
L7C196 Only) totav 
HIGH IMPEDANCE v, IMPEDANCE 
DATA OUT (4 —-€—- DATA VALID 
teu Ie tep SS 


50% 50% 


DATA RETENTION MODE 
22V 
tcHvL tavav 
Vin VI 
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64K x 4 Static RAM L7C0194/195/196 











L7C194/195/196- 





Symbol Parameter 
Write Cycle Time 
Chip Enable Low to End of Write Cycle 
Address Valid to Beginning of Write Cycle 
Address Valid to End of Write Cycle 
| tewax | End of Write Cycle to Address Change 
Write Enable Low to End of Write Cycle 
Data Valid to End of Write Cycle 

End of Write Cycle to Data Change 
Write Enable High to Output Low Z (20, 21) 
Write Enable Low to Output High Z (20, 21) 





—_— 
a 
— 
N Nh 





aa 
~~ tAVEW tEWwax 
tAVBW twLlew 


WE + \\35 
ll eee tEwDx 
Co aTAINVALID | 


DATA IN DATA-IN VALID 


pe hee 
twHoz 
DATA OUT Ce Hon Pepunee 


teu tPpd 
lec tpu 


ADDRESS 


ee 


tewax 
me SS rrr 
pat a tEWDX 


FATA WIVALIF 
Vien wr 


HIGH IMPEDANCE 
DATA OUT 


Icc 
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64K x 4 Static RAM 


L70194/195/196 














1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach—2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., CE* < VIL, WE § VIL. Input pulse levels 
are 0 to 3.0 V. 


7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE* > VIH. 


8. Tested with outputs open and alladdress 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE* = VCC. Input 
levels are within 0.2 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE* must be 
2 VCC-0.2 V. For all other inputs VIN 
2 VCC - 0.2 V or VIN < 0.2 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 


\ 
‘) 


= 
eS se = 
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IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE* 
low). 


15. All address lines are valid prior-to or 
coincident-with the CE* transition to low. 


16. The internal write cycle of the memo 

is defined by the overlap of CE* low and 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


17. If WE goes low before or concurrent 
with CE* going low, the output remains ina 
high impedance state. 


18. If CE* goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


19, Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CE*. 
b. Falling edge of WE (CE* active). 


c. Transition on any address line (CE* ac 
tive). 


d. Transition on any data line (CE* and WE 
active). 


The device automatically powers down 
from ICC2 to ICC! after trp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter is sampled and not 
100% tested. 
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22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE* or WE must be high during address 
transitions. 


24. This productisa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 


Ri 480 
+5 V 


OUTPUT 
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* For the L7C196, CE refers to the logical 
AND of CE1 and CE2. 
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LDS.194/5/6-A 


64K x 4 Static RAM 


28-pin 
(0.3" wide) 


AN OnAR WD = 





= 
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45 
L7C195PC -- 35 | L7C195DC + 35 
or 25 or 25 
L7C196PC | 99 | L7C196DC L920 
15 15 


45 
L7C195DM +- 35 
Or 25 
L7C196DM 0 


45 

L7C195DME i 35 
or 
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L7C195CC 
or 
L7C196CC 


45 
L7C195CME t 35 


or 
L7C196CME 


45 
L7C195CMB : 35 


or 
L7C196CMB 
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A15 
Al4 
Ai3 
Ai2 
Al 
Ai0 
NC 
(NC) (CE2 for 196) 
03 
02 
O01 
Oo 
WE 





Plastic SOJ 
é — W2) 


( 300" 


L7C195WC 
or 
L7C196WC 


45 

L7C195CM -++- 35 
or 25 
L7C196CM Loo 
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64K x 4 Static RAM 





Q) 64K x4 Static RAM with Separate 
I/O, Transparent Write (L7C191), 
or High Impedance Write (L7C192) 


[) Auto-Powerdown™ Design 
[ Advanced CMOS Technology 
QO) High Speed — to 15 ns maximum 
[} Low Power Operation 
Active: 265 mW typical at 45 ns 
Standby: 10 mW typical 


J Data Retention at 2 V for Battery 
Backup Operation 


{ Plug Compatible with IDT 71281/ 
71282, Cypress CY7C191/192 


{) Package Styles Available: 
¢ 28-pin Plastic DIP 
¢ 28-pin Sidebraze, Hermetic DIP 
¢ 28-pin CerDIP 
* 28-pin Plastic SOIC 
¢ 28-pin Plastic SOJ 


Vcc GND 


ROW 
ADDRESS 


ROW SELECT 


CONTROL 
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The L7C191 and L7C192 are high- 
performance, low-power CMOS static 
RAMs. The storage cells are organ- 
ized as 65,536 words by 4 bits per 
word. Data In and Data Out are sep- 
arate. These devices are available in 
five speeds with maximum access 
times from 15 ns to 45 ns. 


Inputs and output are TTL compat- 
ible. Operation is from a single +5 V 
power supply. Power consumption 
is 265 mW (typical) at 45 ns. Dis- 
sipation drops to 100 mW (typical) 
when the memory is deselected 
(Enable is high). 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 


256 x 256 x 4 


MEMORY 
ARRAY 


COLUMN SELECT 
& COLUMN SENSE 


COLUMN ADDRESS 
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L7C191/192 





minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive stor- 
age with a supply voltage as low as 
2V. The L7C191 and L7C192 con- 
sume only 1.5 mW (typical) at 3 V, 
allowing effective battery backup 
operation. 


The L7C191 and L7C192 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
An active-low Chip Enable and a 
three-state bus output simplify the 
connection of several chips for 
increased storage capacity. 





Memory locations are specified on 
address pins Ao through A15. Read- 
ing from a designated location is 
accomplished by presenting an ad- 
dress and driving CE low while WE 
remains high. The data in the 
addressed memory location will then 
appear on the Data Out pins within 
one access time. The output pins stay 
in a high-impedance state when WE is 
low (L7C192 only) or CE is high. 


Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. The Data In and Data 
Out signals have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L7C191 and L7C192 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 


Memory Products 
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64K x 4 Static RAM L7C0191/192 


Storage temperature 

Operating ambient temperature 

Vcc supply voltage with respect to ground 
Input signal with respect to ground 

Signal applied to high impedance output 
Output current into low outputs 

Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 


Active Operation, Commercial 0°C to +70°C 45V<sVcecs5.5V 
Active Operation, Military —55°C to +125°C 45V<Vcc<5.5V 
Data Retention, Commercial 0°C to +70°C 2.0V<Vcc<5.5V 
Data Retention, Military —55°C to +125°C 2.0V<Vcc<5.5V 


Symbol Parameter Test Condition 


O Output High Voltage IOH = —4.0 mA, Voc = 4.5 V 
Oo Output Low Voltage lo = 8.0 mA 
1 


H 

L 
H Input High Voltage 
Z 


or 
GND < VouT < Vcc, CE = Vcc 
|ios | Output Short Current =| Vout = GND, Vcc = Max (Note 4) 
es ne 
Icc4 Vcc = 3.0 V (Note 9) 


Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 


CouT | Output Capacitance Test Frequency = 1 MHz (Note 10) 


Symbol Parameter Test Condition 


fees [vec cuenaaive [wwe i 8s | 8 | 00) 05 | 100 | mn 





—65°C to +150°C 
~—55°C to +125°C 
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L7C191/192- 


wo peas 
< a 
3 

fez 

o 


Parameter 

Read Cycle Time 

tavav Address Valid to Output Valid (13, 14) 
Address Change to Output Change 
Chip Enable Low to Output Valid (13, 15) 
Chip Enable Low to Output Low Z (20, 21) 
Chip Enable High to Output High Z (20, 21) 
Input Transition to Power Up (10, 19) 



















ltep | Power Up to Power Down (10, 19) 
Chip Enable High to Data Retention (10) 


a 






REA DORES: 





tavav 





ADDRESS 





tavav 
DATA OUT [_PREVIOUSDATAVALID PK KOKO DATA VALID 
tAxax 
tpu tpp 


loc 






tcLov tcHaz 


az HIGH 
DATA OUT HIGH IMPEDANCE | panapmngrmnpptr IMPEDANCE 
VS DATA VALID 


tpp 
lee 50% 


DATA RETENTION MODE 


22V 


tcHvi tavav 
ViH 
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64K x 4 Static RAM L7C191/192 









L7C191/192- 






Parameter 
tAVAV Write Cycle Time 
tCLEW Chip Enable Low to End of Write Cycle 
tavaw | Address Valid to Beginning of Write Cycle 
tAVEW Address Valid to End of Write Cycle 
tEWAX End of Write Cycle to Address Change 
twLEw | Write Enable Low to End of Write Cycle 
tovew | Data Valid to End of Write Cycle 
End of Write Cycle to Data Change 
tWHQZ | Write Enable High to Output Low Z (20, 21) 
twLaz Write Enable Low to Output High Z (20, 21) 
twLav_ | Write Enable Low to Output Valid 
tovav Data Valid to Output Valid 


rm) ee 
“< 
3 
s 
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a} ot = _ 
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tavav 
ADDRESS 


cE SAAS AZ LLLILLL LL LL LL 
a aS ne 
WE KAAS 


— 
DATA IN Catanva | dD 


DATA OUT eee twiaz HIGH IMPEDANCE twHoz 


(L7C192 Only) 


~—=—_—_—_—_———-_ tWLov 


DATA OUT a DATA VALID 


{L7C191 Only) 


Ico 


ADDRESS 


CE 
A a Pena eed 
TAVEW a rae Pa a ed —T—~ SCYVAA aaa | 


WE SLNNANNNNNA NNN A idea \IZZZZLZLLLLLZL LZ 
ol tEWDXx 
? 
= 


t 
woe HIGH IMPEDANCE 





DATA IN 


DATA OUT 
(L7C192 Only) 
tovov 


DATA OUT 
(L7C191 Only) DATA VALID 


DATA UNDEFINED |_| 
ae 
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64K x 4 Static RAM 


L70191/192 














1. Maximum Ratingsindicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbe clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach -2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., CE < VIL, WE s VIL. Input pulse levels 
are 0 to 3.0 V. 


7. Tested with outputs open and alladdress 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE > VIH. 


8. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE = VCC. Input 
levels are within 0.2 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be 
2 VCC-0.2V. For all other inputs VIN 
2 VCC - 0.2 V or VIN < 0.2 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 


I) 


end 
a 
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IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE 
low). 


15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 


16. The internal write cycle of the memo: 
is defined by the overlap of CE low and 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 


18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CE. 
b. Falling edge of WE (CE active). 
c. Transition on any address line (CE active). 


d. Transition on any data line (CE and WE 
active). 


The device automatically powers down 
from ICC2 to ICC1 after tpp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter issampled and not 
100% tested. 
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22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE or WE must be high during address 


transitions. 


24. This product isa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can causea good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used, 
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OUTPUT 
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64K x 4 Static RAM L7C191/192 


28-pin 
(0.3" wide) 


OnNonh ON — 








Plastic DIP Sidebraze CerDIP Plastic SOIC Plastic SOJ 
Speed — 0) Hermetic DIP =, ol (C5) (.340"— V2) ‘ — 


4 Sere 4 
L7C191PC L7C191DC L7C191VC L7C191WC 
or 2 or 2 25 or 2 or 
L7C192PC L7C192DC L7C192VC L7C192WC 


45 45 
L7C191DM + 35 | L7C191CM + 35 

or 25 or 25 
L7c192DM [59 | L7Cc192cM [59 


45 45 
L7C191 a 35 aa 35 


or 5 or 
L7c192DME L $6 |L7c1eacme [50 


45 45 
L7C191DMB t 35 |L7C191CMB -- 35 


or or 
L7c1sepmB [$6 |L7cre2cme L3e 
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32K x 8 Static RAM (Low Power) 


L7C0199/L7CL199 





L) 32K x 8 Static RAM with Chip 
Select Powerdown, Output Enable 


QO Auto-Powerdown™ Design 
Q Advanced CMOS Technology 
1 High Speed — to 15 ns maximum 


[) Low Power Operation 
Active: 
380 mW (typical) at 45 ns 
Standby (typical): 
10 mW (L7C199) 
1.25 mW (L7CL199) 


{) Data Retention at 2 V for Battery 
Backup Operation 


QO) Plug Compatible with IDT71256, 
Cypress CY7C198/199 


(J Package Styles Available: 
¢ 28-pin Plastic DIP 
* 28-pin Sidebraze, Hermetic DIP 
© 28-pin CerDIP 
¢ 28-pin Plastic SOIC 
¢ 28-pin Plastic SOJ 
e 32-pin Ceramic LCC 


The L7C199 and L7CL199 are high- 
performance, low-power CMOS static 
RAMs. The storage circuitry is organ- 
ized as 32,768 words by 8 bits per 
word. The 8 Data In and Data Out 
signals share I/O pins. These devices 
are available in five speeds with max- 


imum access times from 15 ns to 45 ns. 


Inputs and output are TTL compat- 
ible. Operation is from a single +5 V 
power supply. Power consumption 
for the L7C199 is 380 mW (typical) at 
45 ns. Dissipation drops to 100 mW 
(typical) for the L7C199 and 60 mW 
(typical) for the L7CL199 when the 


memory is deselected (Enable is high). 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 


1024 x 32x 8 
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data may be retained in inactive stor- 
age with a supply voltage as low as 
2V. The L7C199 and L7CL199 con- 
sume only 1.5 mW (typical) at 3 V, 
allowing effective battery backup 
operation. 


The L7C199 and L7CL199 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
An active-low Chip Enable and a 
three-state I/O bus with a separate 
Output Enable control simplify the 
connection of several chips for 
increased storage capacity. 





Memory locations are specified on 
address pins Ad through A14. Reading 
from a designated location is accom- 
plished by presenting an address and 
driving CE low while WE remains 
high. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin stays in a high- 
impedance state when CE or OE is 
high, or WE is low. 


Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 


Latchup and static discharge pro- 
tection are provided on-chip. The 
L7C199 and L7CL199 can withstand 
an injection current of up to 200 mA 
on any pin without damage. 


Memory Products 


LDS.199-A 


32K x 8 Static RAM (Low Power) L7C199/L7CL199 


Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground -0.5 V to +7.0 V 
Input signal with respect to ground —3.0 V to +7.0 V 
Signal applied to high impedance output 

Output current into low outputs 

Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 45V<Vcc<5.5V 
Active Operation, Military —55°C to +125°C 45V<Vcec<55V 
Data Retention, Commercial 0°C to +70°C 20V<Vcc<5.5V 
Data Retention, Military —55°C to +125°C 20V<Vcc<5.5V 


L7C199 
Symbol Parameter Test Condition 


+ 
S 

Fi 
x 


s[el<| <[<[<|2 | 


VOH Output High Voltage IOH = —4.0 mA, Voc = 4.5 V 2.4 | 
VOL Output Low Voltage lot = 8.0 mA 


? : 
VIL Input Low Voltage (Note 3) 
Z 


—_ 
oO 


I Input Leakage Current GND < VIN s Voc | 10 | 


IX 
lo Output Leakage Current GND < Vout < Voc, CE = Vcc 
}los | Output Short Current Vout = GND, Vcc = Max (Note 4) 


Vcc Current, TTL Inactive (Note 7) 
Vcc Current, CMOS Standby 
Vcc Current, Data Retention | Vcc =3.0 V (Note 9) 


3/3 
>| > 


3 
> 


CIN Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 








CouT | Output Capacitance Test Frequency = 1 MHz (Note 10) 


Symbol Parameter Test Condition | 45 | 35 | 25 | 
[tect [voocurent Acive | Wawa ———~—=*d;: 5 | 110] 4650) ves] a0] | ma 
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32K x 8 Static RAM (Low Power) L7C199/L7CL199 
























7) — 
< 
3 
tom 
°o 


Parameter 
Read Cycle Time 
Address Valid to Output Valid (13, 14) 
Address Change to Output Change 
Chip Enable Low to Output Valid (13, 15) 
Chip Enable Low to Output Low Z (20, 21) 
tCHOZ Chip Enable High to Output High Z (20, 21) 
tOLaV Output Enable Low to Output Valid 
tOLaz Output Enable Low to Output Low Z (20, 21) 
Output Enable High to Output High Z (20, 21) 
Input Transition to Power Up (10, 19) 
tPD Power Up to Power Down (10, 19) 
tCHVL Chip Enable High to Data Retention (10) 














' 
_ 
a 
_ 
a 





tavav 






ADDRESS 


tavov 
DATA OUT | PREVIOUSDATAVALID PEK KK OOOO DATA VALID 
tAxox 
tpu tpp 


tcHoz 


ee eed 
totav 
HIGH IMDEDANCE — IMPEDANCE 
DATA OUT fom DATA VALID 


_ o_o 
tpp 
Ico 50% 


DATA RETENTION MODE 


tcHvL 
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32K x 8 Static RAM (Low Power) L7C199/L7CL199 


L7C199/L7CL199- 


Symbol Parameter 


| tewax _| 
FtewoK 
Fewioz — 


ADDRESS 


tEWAX 


SS tewox 
DATAIN (arava | PD 


twiaz twHaz 
DATAOUT es ennai 


teu tpPDd 


lec tPu 


ADDRESS 
a ns SE eee 


tewax 


tDVEW tEwDx 


DATA IN CT arava 


HIGH IMPEDANCE 
teu tpp 








DATA OUT 


lec 
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32K x 8 Static RAM (Low Power) 


L7C199/L7CL199 

















1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., CE < VIL, WE < VIL. Input pulse levels 
are 0 to 3.0 V. 


7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE > VIH. 


8. Tested with outputs open and alladdress 
and data inputs stable. The device is con- 
tinuously disabled, ie., CE = VCC. Input 
levels are within 0.2 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE1 must be 
2 VCC - 0.2 V. For the L7C199, all other in- 
puts meet VIN < 0.2 V or VIN 2 VCC -0.2 V 
toensure full powerdown. For the L7CL199, 
this requirement applies only to CE and WE; 
there are no restrictions on data and ad- 
dress. 


10. These parameters are guaranteed but 
not 100% tested. 
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11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter isshown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE 
low). 


15, All address lines are valid prior-to or 
coincident-with the CE transition to low. 


16. The internal write cycle of the memo 

is defined by the overlap of CE low and 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 


18. If CE goes high before or concurrent 


with WE going high, the output remains in 
a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CE. 
b. Falling edge of WE (CE active). 
c. Transition onanyaddressline (CE active). 


d. Transition on any data line (CE and WE 
active). 


The device automatically powers down 
from ICC2 to ICC1 after tep has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 
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21. Transition is measured £200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameteris sampled and not 
100% tested. 


22. Alladdress timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE or WE must be high during address 
transitions. 


24. This productisa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can causea good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used, 
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32K x 8 Static RAM (Low Power) 


(0.3" wide) 


L7C199DC 
or 
L7CL199DC 


L7C199PC 
or 
L7CL199PC 


or 


L7C199DM : 
L7CL199DM 


25 


45 
L7C199DME i 35 vile 


or 
L7CL199DME 


L7C199DMB t 
or 
L7CL199DMB 
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20 L7CL199CM 


20 L7CL199CME 


20 L7CL199CMB 


L7C199CC 35 
or 
L7CL199CC 


25 
20 
15 
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28-pin 
(0.6" wide) 


L7C199NC 
or 
L7CL199NC 


L7C199/L7CL199 


Ai4 
A12 
A7 
Aé 
A5 
A4 
A3 
A2 
Ai 
Ao 
Oo 
VvO1 
VO2 
GND 








45 45 

L7C199HC 7- 35 L7C199IC -- 35 
or 25 or 25 
L7CL199HC + 20] L7CL199IC }+ 20 
15 15 


45 
ae Sls ts 35} &7C199IM 


25 or 
L7cLt 99HM L7CL199IM 


ge aioe 
25 
0 |L7cLt O9IME 


nea 


L7CL199HME 


= 
L7C1 aa oe ae 


or 25 
L7CLIS9HMB * 20 L7cLt 99IMB 
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LDS.199-A 


32K x 8 Static RAM (Low Power) 


L7C199VC 
or 
L7CL199VC 


DEVICES INCORPORATED 


32-pin 
(450 x 550) 


ON Ont WD = 








45 45 
35 L7C199WC L7C199TC + 35 
25 or or 
20 | L7CL199WC L7CL1S9TC 

1 


L7C199TM 
or 
L7CL199TM * 20 


L7C199TME 
or 
L7CL199TME 


L7C199TMB-- 35 
25 
20 


or 
L7CL199TMB 
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L7C199/L7CL199 





Memory Products 


LDS.199-A 








(up 
(i) 
(i) 
null 
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4K x 4 CMOS Cache-Tag Static RAM 








C) 4K x 4 CMOS Static RAM with 4-bit 
Tag Comparison Logic 

MO High Speed Address-to-MATCH 
— 10ns maximum 

{4 Totem Pole (L7C180) or Open 
Drain (L7C181) MATCH Output 

Oi High Speed Flash Clear 

QO Auto-Powerdown™ Design 

.) Low Power Operation 
Active: 225 mW typical at 25 ns 
Standby: 100 pW typical 

() Data Retention at 2 V for Battery 
Backup Operation 


Q) Plug Compatible with IDT 6178, 
SSLA180, SSLA181, MK41H80, 
MCM4180 

QO) Package Styles Available: 
22-pin Plastic DIP 
22-pin Sidebraze Hermetic DIP 
22-pin CerDIP 
24-pin SOJ 


1 


ROW 


SELECT 
ROW 


AODRESS 
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The L7C180 and L7C181 are high 
performance, low power CMOS static 
RAMs optimized for use as the . 
address tag comparator in high speed 
cache memory systems. The storage 
circuitry is organized as 4096 words 
by 4-bits per word and includes a 4-bit 


data comparator with MATCH output. 


The 4-bit data is input/output on 
shared I/O pins and comparison per- 
formed between 4-bit incoming data 
and accessed memory locations. Wide 
tag addresses are easily accommo- 
dated by paralleling devices and 
ANDing or Wire-ORing the MATCH 
outputs when working with L7C180's 
or L7C181's respectively. For either 
device, a low on the MATCH output 
indicates a data mismatch. 


Also provided is a high speed CLEAR 
control which clears all memory 
locations to zero when activated. This 


128 x 32x 4 
MEMORY 
ARRAY 


COLUMN SELECT 
& COLUMN SENSE 


COLUMN 
ADDRESS 


MATCH 
(OPEN DRAIN-L7C181) 
OR 

(TOTEM POLE-L7C1 80) 
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L7C180/181 





allows all address tag bits to be 
cleared when powering on or flushing 
the cache. 





These devices are available in five 
speed grades with maximum address- 
to-MATCH times of 10 ns to 25 ns. 
Operation is from a single +5 V power 
supply with power consumption only 
255 mW (typical) at 25 ns. Dissipation 
drops to 75 mW (typical) when the 
memory powers down. 


Two power saving standby 

modes are available. Proprietary 
Auto-Powerdown™ circuitry reduces 
power consumption automatically 
whenever the inputs are stable for 
longer than the minimum access time. 
For minimal power consumption, data 
may be retained in inactive storage 
with a supply voltage as low as 2 V. 
The L7C180 and L7C181 consume 
only 15 pW (typical) at 3 V allowing 
effective battery backup operation. 


The L7C180 and L7C181 provide fully 
asynchronous (unclocked) operation 
with matching access and cycle times. 
Memory locations are specified on 
address pins Ao through A11 with 
functions defined in the Truth Table 
on the next page. Data In has the 
same polarity as Data Out. 


Latchup and static discharge protec- 
tion are provided on-chip. The 
L7C180 and L7C181 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 


Memory Products 


LOS.180/1-B 





4K x 4 CMOS Cache-Tag Static RAM L7C180/181 





Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with 


MATCH | vo | FUNCTION 
L | H /Hi 


Clear all bits to low 


No MATCH 


MATCH respect to ground —0.5V to +7.0V 
Input signal with respect to ground.... —3.0 V to +7.0 V 
Signal applied to high 

impedance output 


Output current into low outputs 


Memory Read 
Memory Write 





Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 45V<Vcec<5.5V 
Active Operation, Military —55°C to +125°C 45V<Vcc<5.5V 
Data Retention, Commercial 0°C to +70°C 20V<Vcc<55V 
Data Retention, Military -55°C to +125°C 2.0V<Vcc<5.5V 


Symbol Parameter 


Output High Voltage 
(Note 11) 


Output Low Voltage 
(Note 11) 


loL = 30.0 mA (MATCH pin) 





Input High Voltage 


Input Current SN < VIN < Vcc 

Output Leakage Current GND < VouT < Vcc, OE = Vcc (except MATCH pin) 
Output Short Current VouT = GND, Vcc = Max (Note 4) 
Vcc Current, TTL Inactive (Note 7) 

Vcc Current, CMOS Standby | (Ne (Note 8) 

Vcc Current, Data Retention | Veo = 3.0 V (Note 9) 

Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 
Output Capacitance Test Frequency = 1 MHz (Note 10) 















































L7C180/181- 


Symbel_Parameter Test Condon ras [ao as | 12 | 10 | [une 
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4K x 4 CMOS Cache-Tag Static RAM L7C180/181 

















MATCH Cycle Time 
Address Valid to MATCH Valid 
Address Change to MATCH Change 














Output Enable Low to MATCH High 

eB Enable High to MATCH Valid 
Write Enable Low to MATCH High 

CLEAR Low to MATCH High 

Data Valid to MATCH Valid 

Data Change to MATCH Change 

CLEAR Cycle Time (23) 

CLEAR Pulse Width (23) 

CLEAR Low to Inputs Don't Care (23) 

CLEAR Low to Output High Z (18, 19) 

CLEAR Low to inputs Recognized (23) 

























































































tavav 


JLLLL LLL LLL 


--———— tov 


meena manana pe 
}— twHav 


VALID READ DATA-OUT VALID MATCH DATA-IN 


tovwv 


MATCH VALID 


-CLEAR Tuna (Note 23) 


———_———-——— t LCL 
--—_——-——- tCLIR 


e— TCLCH 
CLEAR 


a) 
OE, WE KXXRKRKAKAKKKKKKAKKKKA 


| tcLaz 
DATA OUT Rae 


teu 
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4K x 4 CMOS Cache-Tag Static RAM L7C180/181 


L7C180/181- 
Symbol Parameter 


Feu [Input Change to Power Up (10,17) 
[to | Power Upto Power Down (10,17) SSSSC«*d «sd 
[sonvi | Gontrel Input High to Data Retention oy ~~ 








ADDRESS IEE AST A TITTIES 


tavav 


DATA OUT PREVIOUS DATA VALID MX KKK XK DATA VALID 


tAaxax 


teu tep 
lec a, K 


ADDRESS 


OE 
toLav 
toLaz 


HIGH IMPEDANCE 
DATA OUT <<< DATA VALID 


HIGH 
IMPDEANCE 


loc 


DATA RETENTION MODE 


22V 
tcHvL tavAV 


Vin 





= eh in a in 
=—=— ae eee 2 eee 
nme Ee. eo 
= = a aes 
Se We 
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4K x 4 CMOS Cache-Tag Static RAM L7C180/181 













L7C180/181- 








Symbol Parameter 

Write Cycle Time 

Address Valid to Beginning of Write Cycle 
Address Valid to End of Write Cycle 

| tewax | End of Write Cycle to Address Change 
Write Enable Low to End of Write Cycle 
Data Valid to End of Write Cycle 

| tewox | End of Write Cycle to Data Change 

Write Enable High to Output Low Z (18, 19) 
twLaz | Write Enable Low to Output High Z (18, 19) 








~- 
oOo 

a 
NUN 





ADDRESS 
tavew tewax 


a 7 twLew 
WE R\ASS 
—————————— tewox 
C_____DATAINVALID —_ 


DATAIN DATAAIN VALID ODD 
OE oo ae ea aie 

DATA OUT rs ae —— 
a ee 


MATCH [FF 


tpu tpp t pu tpp 


loc 
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4K x 4 CMOS Cache-Tag Static RAM 


L7C180/181 





1. Maximum Ratings indicate stress speci- 
fications only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating 
conditions for extended periods may affect 
reliability of the tested device. 


2. The products described by this 
specification include internal circuitry 
designed to protect the chip from damaging 
substrate injection currents and accu- 
mulations of static charge. Nevertheless, 
conventional precautions should be 
observed during storage, handling, and use 
of thesecircuitsin order to avoid exposureto 
excessive electrical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach —2 V. The device can withstand inde- 
finite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., OE, WE & CLEAR < VIL. Input pulse 
levels are 0 to 3.0 V. 


7. Tested with outputs open and all address 
and data inputs 2 VIH. The device is con- 
tinuously disabled, i.e., WE, OE, & CLEAR> 
VIH. 


8. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e., WE, OE, and 
CLEAR = VCC. Input levels are within 0.2 V 
of VCC or GND. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. WE, OE, and 
CLEAR must be > VCC-0.2 V. For all other 
inputs VIN 2 VCC - 0.2 or VIN < 0.2 V is 
required to ensure full powerdown. 








10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Figs. 1a, 1c, and 1d), and 
input pulse levels of 0 to 3.0 V (Fig. 2). 


— a ill, SET 
= ae see eee 
ae ee Hee 
— = a ae 
ees Cay Ge at 
eee gy Swe ~<a 
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12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the 
external system driving the chip. For 
example, tavew is specified as a minimum 
since the external system must supply at 
least that much time to meet the worst-case 
requirements of all parts. Responses from 
the internal circuitry are specified from the 
point of view of the device. Access time, for 
example, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (WE 
high and OE low). 


15. All address lines are valid tavgv to torav 
prior to the OE transition to low. 


16. The internal write cycle of the memory 
is defined by WE low. The address and data 
setup and hold times should be referenced 
to WE falling and rising edges. 


17. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of WE. 
b. Transition on any address line. 
c. Transition on any data line 

(WE active). 
d. Falling edge of CLEAR. 
The device automatically powers down 
from ICC1 to ICC? after trp has elapsed from 
any of the power up triggers. The exception 
is CLEAR where the device remains 
powered up for the duration of the Clear 
cycle. This means that power dissipation is 
dependent on only cycle rate, and not on 
Write Enable pulse width. 


18. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


19. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This para-meter is sampled and 
not 100% tested. 


20. Alladdress timings are referenced from 
the last valid address line to the first 
transitioning address line. 


21. WE must be high during address 
transitions, 


22. This productisa very high speed device 
and care must be taken during testing in 
order to realize valid test information. 
Inadequate attention to setups and 
procedures can cause a good part to be 
rejected as faulty. Long high-inductance 
leads that cause supply bounce must be 
avoided by bringing the VCC and ground 
planes directly up to the contactor fingers. A 
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0.01 pF high frequency capacitor is also 
required between VCC and ground. To 
avoid signal reflections, proper termin- 
ations must be used. 


23. The Clear cycle is edge-triggered on the 
falling edge of CLEAR. While the internal 
Clear cycle is in progress, all inputs, 
including multiple CLEAR pulses, are 
ignored. Inputs are recognized after tcur 
has elapsed from the falling edge of CLEAR. 
For proper operation, Vcc mustbe within its 
specified normal operating voltage prior to 
assertion of ; 


Ri 4802 
+5V 


OUTPUT 


INCLUDING 
JIG AND 
SCOPE 


iD 


OUTPUT 


INCLUDING 





INCLUDING 
JIG AND 
SCOPE 





Memory Products 


LDS.180/1-8 


4K x 4 CMOS Cache-Tag Static RAM L7C180/181 


22-pin 
(0.3" wide) 


ONOnRWD = 














Plastic SOJ 
(.300"— W2) 


25 
peel eoe 20 | L7C180DC -- 20 PECIe 


15 or 15 
L7¢181PC 42 | L7C181DC | ya L7c18icc 


10 


L7C180DM t L7C180CM t 20 
or 15 or 
L7C181DM L yo} L7C181CM 


i 25 25 
coin 20 vg 20 


or 15 or 
L7C181DME L 45! L7C180CME 


ee 20 iced 20 
or 15 or 
L7C181DMB L 42/ L7C181CMB 
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L7C174 





Q) 8K x8 CMOS Static RAM with 8-bit 
Tag Comparison Logic 

QO) High Speed Address-to-MATCH 
—12ns maximum 

Q) High Speed Flash Clear 

QO High Speed Read Access Time 
— to 12 ns maximum 

Q) Auto-Powerdown™ Design 

(1 Low Power Operation 
Active: 320 mW typical at 35 ns 
Standby: 500 LW typical 

(1 Data Retention at 2 V for Battery 
Backup Operation 


Q Plug Compatible with IDT 7174, 
MK48H74 

Q) Package Styles Available: 
¢ 28-pin Plastic DIP 
¢ 28-pin Sidebraze Hermetic DIP 
¢ 28-pin CerDIP 
¢ 28-pin SOJ 

© 32-pin Ceramic LCC 
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The L7C174 is a high performance, 
low power CMOS static RAM opti- 
mized for use as the address tag com- 
parator in high speed cache memory 
systems. One L7C174 can be used to 
map 8K cache lines into a 1 megabyte 
address space by comparing 20 
address bits organized as 13-line 
address bits and 7-page address bits. 


The storage circuitry is organized as 
8192 words by 8 bits per word and 
includes an 8-bit data comparator 
MATCH output. The 8-bit data j 
input/output on shared I/O pin 
comparison performed be 
incoming data and ac 
locations. Also provi 











bits to be 
or when flush 





256 x 32 x8 
MEMORY 


COLUMN SELECT 
& COLUMN SENSE 


COLUMN 
ADDRESS 


























MATCH 
(OPEN DRAIN) 
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This device is available in five speed 
grades with maximum address-to- 
MATCH times of 12 ns to 35 ns. 
Operation is from a single +5 V power 
supply with power consumption only 
320 mW (typical) at 35 ns. Dissipation 
drops to 75 mW (typical) when the 
memory is deselected (Enable is high). 


Two power saving standby 
mo available. Proprietary 
o-Powerdown™ circuitry reduces 
onsumption automatically 
henever the inputs are stable for 
lodger than the minimum access time, 
when the memory is deselected. 
For minimal power consumption, data 
may be retained in inactive storage 
with a supply voltage as low as 2 V. 
The L7C174 consumes only 30 pW 
(typical) at 3 V allowing effective 
battery backup operation. 


The L7C174 provides fully asynchro- 
nous (unclocked) operation with 
matching access and cycle times. An 
active low Chip Enable and Output 
Enable along with a three state I/O 
bus simplify the connection of several 
chips for increased storage capacity. 
Wide tag addresses are easily accom- 
modated by paralleling devices and 
wire-ORing the MATCH outputs. 





Memory locations are specified on 
address pins Ao through A12 with 
functions defined in the Truth Table 
on the next page. 


During CLEAR the state of the 1/0 
pins remain completely defined by the 
WE, CE, and OE control inputs. Data 
In has the same polarity as Data Out. 


Latchup and static discharge protec- 
tion are provided on-chip. The 
L7C174 can withstand an injection 
current of up to 200 mA an any pin 
without damage. 


Memory Products 
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8K x 8 CMOS Cache-Tag Static RAM L7C174 















Storage temperature .........:.ccsccceeees —65°C to +150°C 
Operating ambient temperature ....... -55°C to +125°C 
Vcc supply voltage with 

rESpect to QrOUNM ........secesseseeesenee -0.5V to +7.0V 
Input signal with respect to ground.... —3.0 V to +7.0 V 
Signal applied to high 

impedance OUtPUt ...... eee ees -3.0V to +7.0V 
Output current into low OUtpUtS ...........eeeeeeeeeeee 25mA 
EAICHUP CUTE i ciissaitetiacascccsinceas sausanssesqnctees 





Reset all bits to low 





Deselect chip 
No MATCH 
MATCH 
Read 
Write 






























X = Don't Care; L = VIL; H = VIH 


Mode Temperature Range (Ambient) 
Active Operation, Commercial 0°C to +70°C 


Active Operation, Military —55°C to +125°C 45V<Vcc<5.5V 
Data Retention, Commercial 0°C to ae OV<Vcc<5.5V 
Data Retention, Military C 2.0VsVcc<5.5V 





Soa Pea CC 
| VoH Output High Voltage Et 4.5 V (except MATCH pin) peat fv 
VOL Output Low Voltage (except MATCH pin) a 

















Nez mA (MATCH pin) 


| Input High Voltage a 


Pv | Input Low Volta fee) © (Note 3) 
plies iy Input Current AK GND < VIN< Vcc 




















loz Output Leakage Current GND < VouT < Vcc, CE = Vcc 
los Output Short Current VouT = GND, Vcc = Max (Note 4) 
Icc2 | Vcc Current, TTL Inactive (Note 7) 








Icc3 






Vcc Current, CMOS Standby ! {Note 8) 


Icc4 Vcc Current, Data Retention | Vcc = 3.0 V (Note 9) 


| CIN | Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 
Output Capacitance Test Frequency = 1 MHz (Note 10) 


Symbol Parameter Test Condition 


Sor a OO es 
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8K x 8 CMOS Cache-Tag Static RAM L7C174 



































































































MAT ano CLEAR | I, 2 
L7C174- 

| 35 {| 25 | 20 | 15 | fee 
Symbol ___ Parameter in | Max] in] Max] Win] axl Min] Wax in| Max 
tavav | MATCH Gycle Time Ea 2 
tavmv | Address Valid to MATCH Valid | [30f [22] f2o] | 15] 12 
taxmx | Address Change to MATCH Change et tte Os ET 
tcLMv | Chip Enable Low to MATCH Valid ye 20 AS PIO PAO a | 
tCHMH | Chip Enable High to MATCH High [ f20t [15] =f tof to] | al | 
tony | Output Enable HightoMATCH Vaid =| —(f2o|[4s| [as] [aa] | 10, 
ftom | Output Enable Low toMATCHHigh | —(28| (| 20, (fi8[ | a2) 
twHmv | Write Enable High to MATCH Valid | 20, [15] (18 ]  LA8 | 
twiMH_ | Write Enable Low to MATCH High | = [25{ faof fis] fiz] | 
tCLMH | CLEAR Low to MATCH High Of25[ Of 20] of ts eetye{ ofiof | | | 
Data Valid to MATCH Valid eo, st eK sy to 
Data Change to MATCH Change | of [o| [or pea [ol | 
jtcic. | CLEAR CycleTime = sf | S| BN are ee eel 
touch | CLEAR Pulse Width SS*~=«d Sd 8 | CR Na | [| 
ftoux | CLEA Low to Inputs DontCare | of | OA ~NoRS ol | 
ftcun | CLEAR Lowto Inputs Recognized | [es NR (\C fas] fast [sot Tt | 
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a ECLOL 
= TCLIR 


~-— t CLCH 
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OE, WE KXXKRAKAKAKAKKKKKKKKAD 
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8K x 8 CMOS Cache-Tag Static RAM L7C174 





Symbol Parameter 


| Min] Max’ 
viv [Read OycteTine SSS~w 
tava _| Address Valid to Ouput Vaid Gaia) |_| 85. 
[Address Change to Output Change + 3] _| 
1c.av | Chip Enablo Low to Output Valid (13,73) |_| 85) 
tc.az | Chip Enable Low to Output Low Z¢zo,21) | 3| _| 
Chip Enable High to Output High Z 20,21) |__| 48) 

Lav | Output Enable Low to Output Vaid |) 18) 
.az_| Output Enable Low to Output Low Z@o,2) | 0] _| 
F Output Enable High to Oulpat High Z 20.21) |_| 72 
GE or WE Lowto Power Up (10,19 | 0] | 
Power Up to PowerDown (10.19) + _—*| 88 
Poy 


6 |S 


tCHVL Chip Enable High to Data Retention (10) 





ADDRESS eS ONG a aT 
SS 
DATA OUT | PREVIOUSDATAVALID EK ROOK mS DATA VALIO 
teu tAXOX wwe!) 
PU S$ 


Icc 





ee aw S i 
LS 
tcHaz 


= -@———» 
OE AN 
ares) 
XS totav 
ial ——— CER ova 
eC 


SS DATA VALID 


loc 50% 50% 


DATA RETENTION MODE 


22V 


tcHvL tavav 
Vin 
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L7C174 














Symbol Parameter fe 


ot 
[tcizw | Chip Enable Low to End of White Cycle _—_—( 25] 


Becxt 
| 20 | 
| o| | ol 
25] | 15 | 
st Het 
jtovew | Data Valid toEnd of WriteCycle | 15 
0 
| | 
ea 


a 
Oo 


End of Write Cycle to Data Change 
Write Enable High to Output Low Z (20, 21) 
Write Enable Low to Output High Z (20, 21) 


CECEEEE ECU 


tele 
N 








<= ae 
SYS IIIZZZZZZTZZ72 
ASN ASN UUUUOO—C—ST 


a e, 
————— 
WAAS 


XN 





rw __ tewox 
ae ene 
S " 
ara ry 
i/ r : 






DATA IN 





DATA OUT 





t pu tpp 


ADDRESS 


= a, 
tewax 
me SSSR 


tEWDX 


DATA IN Cf arAwvaIO 


HIGH IMPEDANCE 
tpu tpp 


DATA OUT 
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1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 

2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at 0.6 V. 
A current in excess of 100 mA is required to 
reach -2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8 through 2-11 of this data book supply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., CE, WE,and OE ¢ VIL. Input pulseleve 
are 0 to3.0 V. 

7. Tested with outputs open and all 
and data inputs changing at the m 
read cycle rate. The device is i 
disabled, i.e., CE = VIH. 

8. Tested with outputs open 
and data inputs stable. The d 
tinuously disabled, i.e., CE = V Input 
levels are within 0.2 V of VCC or GND. 

9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be > 
Vcc — 0.2 V. For all other inputs VIN = VCC 
~ 0.2 Vor VIN s 0.2 V is required to ensure 
full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus30 pF (Figs. 1a, 1c), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 


Ccinil omen esoiepe tensioned 
= a see os eee 
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8K x 8 CMOS Cache-Tag Static RAM 


nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to active. 
16. The internal write cycle of the memory 
is defined by the overlap of CE active and 
WE low. Both signals must be active to initi- 
ate a write. Either signal can terminate a 
write by going inactive. The address, data 


last or rises first. 
17. If WE goes low before og conics 
with CE going active, the outp 
a high impedance state. 
18. If CE goes inactivebe 
with WE going high, ¢ 

a high impedance &tate. 
19. Powerup from 





on any data line 


CE and WE active). 


e’device automatically powers down 
mICCi toICC2 after trp has elapsed from 
any of the power up triggers. The exception 
is CLEAR where the device remains pow- 
ered up for the duration of the Clear cycle. 
This means that power dissipation is de- 
pendent on only cycle rate, and not on Write 
Enable pulse width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 
21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter is sampled and not 
100% tested. 

22. Alladdress timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 

23. CE or WE must be high during address 
transitions. 

24. This productisa very high speed device 
and care must be taken during testing in 
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L7C174 





order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 

25. The Clear cycle is edge-triggered on the 
falling edge of CLEAR. While the internal 
Clear cycle is in progress, all inputs, includ- 
ing multiple CLEAR pluses, are ignored. 
Inputs are recognized after tcuir has elapsed 
falling edge of CLEAR. For proper 
, Vcc must be within its specified 
erating voltage prior to assertion 
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INCLUDING 
JIG AND 
SCOPE 
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+5V 
OUTPUT 
INCLUDING 


JIG AND 
SCOPE 
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SCOPE 


30 pF 
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28-pin 
(0.3" wide) 


L7C1 APCS 
25 
20 
15 
12 
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8K x 8 CMOS Cache-Tag Static RAM 





L7C1 74DC35 
" 25 

20 

15 


L7C174DM35 | 


" 25 
20 
15 


L7C1 74DM E35 


" 25 


25 
20 
15 
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28-pin CLEAR 
(0.6" wide) 2 2 
7 


A6 
AS 
A4 
A3 
A2 
Al 
Ao 
\/Oo 
VO1 
1/02 


AN Ooh WN = 








L7C174HM35 
" 25 
" 20 
" 15 


L7C174HME35 
a a 25 

" 20 

" 15 


L7C174HMB35 
a a 25 

a a 20 

" 15 
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8K x 8 CMOS Cache-Tag Static RAM 


ON OnhwWnd = 








Plastic SOJ Ceramic Leadless 
Speed| (.300"— W2) Chip Carrier (K7) 


L7C1 74WC35 
25 


L7C1 74TME35 
" 25 
" 20 
" 15 


L7C174TMB35 
a a 25 

a a 20 

" 15 


[tn 
la) 
tL 
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L7C174 
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8K x 8 Static RAM 
with Flash Clear (Low Power) 


L7C186/L7CL186 





C1 8K x 8 CMOS Static RAM with 
High Speed Flash Clear 


{) Auto-Powerdown™ Design 


(1 High Speed Read Access Time 
—12ns maximum 


Q Industry Standard Pinout 


[1 Low Power Operation 
Active: 
320 mW (typical) at 35 ns 
Standby (typical): 
500 WW (L7C186) 
250 pW (L7CL186) 


() Data Retention at 2 V for Battery 
Backup Operation 


Plug Compatible with IDT7165 


Q) Package Styles Available: 
28-pin Plastic DIP 

28-pin Sidebraze Hermetic DIP 
28-pin CerDIP 
28-pin SOJ 

32-pin Ceramic LCC 








ROW 
ADDRESS 


ROW SELECT 





CONTROL 
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256 x 32 x 8 
MEMORY 


COLUMN ADDRESS 


The L7C186 and L7CL186 are high 
performance, low power CMOS static 
RAM with a high speed Flash Clear 
feature. The storage circuitry is organ- 
ized as 8192 words by 8 bits per word 
with the 8-bit data input/output on 
shared I/O pins. The device is 
offered in the industry standard 8K x 8 
SRAM pinout with the Flash Clear 
function implemented on Pin 1 which 
is normally a no-connect. 


These devices are available in five 

speed grades with maximum access 
times of 12 ns to 35 ns. Operati 
from a single +5 V power 


mode. T 








ARRAY 
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to limit VOH swings, while still main- 
taining full TTL compatibility. 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses that are longer than the 
access time, or when the 
is is put into powerdown 
deselecting CE2. In addition, 
retained in inactive 
e with a supply voltage as low 

s2W. The L7C186 and L7CL186 con- 

e only 30 pW and 15 LW (typical) 
espectively at 3 V, allowing effective 
battery backup operation. 


The L7C186 and L7CL186 provide 
fully asynchronous (unclocked) 
operation with matching access and 
cycle times. Two Chip Enables and a 
three-state I/O bus with a separate 
Output Enable control simplify the 
connection of several chips for in- 
creased storage capacity. 








Memory locations are specified on 
address pins Ao through A12 with 
functions defined in the Truth Table 
on the next page. 


During CLEAR, the state of the I/O 
pins remain completely defined by the 
WE, CE1, CE2, and OE control inputs. 
Data In has the same polarity as Data 
Out. 


Latchup and static discharge protec- 
tion are provided on-chip. The 
L7C186 and L7CL186 can withstand 
an injection current of up to 200 mA 
an any pin without damage. 
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL186 


Storage temperature —65°C to +150°C 
Operating ambient temperature ....... -55°C to +125°C 
Vcc supply voltage with 

Memory Write respect to ground —0.5 V to +7.0V 
Input signal with respect to ground.... —3.0 V to +7.0 V 
Signal applied to high 

Chip Deselect impedance output 

Output current into low outputs 

Latchup current 


Reset Memory to 0 


Memory Read 


Output Disable 


Chip Deselect & 
Powerdown 





X = Don't Care; L = VIL; H = VIH 






Ng: 
Mode Temperature Range (Ambient) 
Active Operation, Commercial 0°C to +70°C . 
Active Operation, Military —55°C to +125°C SV¥< Veco <5.5V 
Data Retention, Commercial 0°C to +70°C OV<sVec<5.5V 
Data Retention, Military —55°C to +125% 
SS 


WS L7CL186 
Symbol Parameter Test Condition WO | Min | Typ| | Typ| Max | 


| Max 
[von [Cupar tisk Votags——[tn=-abRRWRS SV fea] | 
ee 
Vcc 
+0.3 





VOH AL 
VOL Output Low Voltage loL = 80MM 
IH 


pm [mentor ENP 
Le D 0. 
9 
D 


[Wi | inpotCow valags = \@laypy 800 
Fix | input Leakage Cure OHO svwsveo =f =10 |_| +10 
ftoz | OupurLeskage aren < GND sVours Vos, CE=veo _[-10) _ 
Fos | ouput shon Sieg? | VouT= GND, Voo= Max news) | | _|-880 
fleoe | Veo GurenstTe Waive [mem tS] 8 
Iccs_| Vcc Current, CMOS Standby| (Notes) = —s—~—~séidYs~Csé*100/ S00] | 510/150 | WA 
Icc4 Vcc Current, Data Retention | Vcc = 3.0 V (Note 9) | =| 10] 260] | 5 | 50 | pA 
5 5 


CIN Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 





ine) 
[ev] H 
<| 

















pF 
Output Capacitance Test Frequency = 1 MHz (Note 10) a Sis ee MES pF 
Symbol Parameter Test Condition See ae oe 





| icc | Vcc Current, Active | (Notes) | 110 | 150] 185] 240] 275] || mA | 





Memory Products 
2-114 4/20/90 


DEVICES INCORPORATED 


8K x 8 CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL186 





. L7C186/L7CL186- 
| 35 | os | oS] ts 
Symbol Parameter 


tAVAV Read Cycle Time | 35| | 
tavav | Address Valid to Output Valid (13, 14) | | 35) 


ava 
Favav 
Frevovi 
Frevave | 
Froiaz | 
Frenz 
com 
com 
Frovaz 
feo 
ow 


re nee ae 
jo.ove | CE2 High to Output Valid (1,18) = 8. 
to.0z | Chip Enable Active to Output ow Z@o,27) | 8) 
toiaz | Chip Enable Inactive to Output High Z 20, 2) |_| 16. 
to.av | Output Enable Low to Output Vaid || 8 
to.cz | Output Enable Lowto Output ow Z(@a.a) | O[ 
jox02 | Output Enable High to Output High Z (0,21) |_| 12) 
teu | Input Transition to Power Up (10,19) —+| 0 _ 

Power Upto Power Down (10,19) | —| | 
roan | Chip Enable naaive to Data Retention i) | 0] 





ADDRESS CN Nee 
SrA SS 
DATA OUT [PREVIOUSDATAVALID_ SKK DATA VALID 


Wy 


Sa 
toLav tonaz 
toLoz 
HIGH IMPEDANCE HIGH 
DATA OUT MT a ae aT, = IMPEDANCE 


SS DATA VALID 
teu 


DATA RETENTION MODE 


22V 


tcHvL tavav 
VIH 
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL186 





| 35 | os | mo ts] te 
Symbol Parameter 


TAVAV Write Cycle Time 


[win [Max] Min 
ras || 20, 
tc.ew__| Chip Enable Active to End of Wite Cycle | 25 | | 15 | 
tavaw | Address Vall to Beginning of Wrte Cycle | 0 | | 0 
tavew | Address Valid to End of Write Cycle (| 25.| | 15 | 

End of Wite Gyde to Address Chango | 0 | | 0 
twiew | Wite Enable Low to End of Wrie Cycle | 20 |__| 15 | 
tovew | Data Valid to End of Wite Cycle dt 18 | | 10 
"End of Wate Cycle Data Change «| of | 0 
"Write Enable High to Output Low Z@0,27) | 0 | [0 
tw.az | Wiite Enable Low to Output High Z eo,21) | [ao] 










See) ST — 
| tay 7 cael 
WN! ON TZZZALZLZL ZL LL 

[a RINE NG Nn ss ee 
Pere —o tEwAx 
oot SR _5 
Ws 2 tEWDX 


-->- 


SS os se 
QL ATAIN VALID | 
HIGH IMPEDANCE 
EZ WF 
SS. ZZ 


DATA OUT 





ADDRESS 


—— en touew heel 
leeches: tews 





CE1 
TAVEW 
WE SWNNNNNSS ue WIZZIZZLZLLL LLL 
acd Demeester eg tEWDX 
DATA IN < | ___arnnvan dS 
Fs HIGH IMPEDANCE 
DATA OUT te tp 
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL186 








[bo | 
in| x | Mi 
a JA | 38 | 























| Min 
ftcc. | CLEARCycleTime = (ss s|« | 
|tcicH_ | CLEAR PulseWidth == “$< §s ($s 2 
cL | 0 | 

ER aa 











EAR Low to Inputs Don't Care 
CLEAR Low to Inputs Recognized 
























QX 
NSS: 


ae SS 
Ae, 


LEAR ~—— COLE! a > ns 
Bay 
SXXKKXXXX 


gi 
ZZ SS 
WE KAXKRKAKKAKAKARMKABK 


Ae 
Ico C3 
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power) 


L7C186/L7CL186 





1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at—0.6 V. 
Acurrent in excess of 100 mA is required to 
reach —2 V. The device can withstand indefi- 
nite operation with inputs as low as ~3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inpu 
changing at the maximum cycle rate. Th 
device is continuously enabled for wp 

ie., CEI < VIL, CE2 and WE < VI 
pulse levels are 0 to 3.0 V. 


7. Tested with outputs openay 
and data inputs changing a d 
read cycle rate. The device is dont 
disabled, i.e., CE1 > VIH, CE2 < V 


8. Tested with outputs open and alladdress 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE1 = VCC, CE2 = 
GND. Input levels are within 0.2 V of VCC 
or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE1 must be 
2 VCC — 0.2 V. For the L7C185, all other in- 
puts meet VIN < 0.2 V or VIN 2 VCC -0.2 V 
toensure full powerdown. For the L7CL185, 
this requirement applies only to CE and WE; 
there are no restrictions on data and ad- 


= ere >. = — 
— a a 2 eee, 
mw ae ea — 
_ = oa 
See UY OER a ene 
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10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always providé 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously 
low, CE2 high). 


lect 



















15. All address lines a i -t2 or 
coincident-with the CE2 
transition to active 

the memory 
is defined b f CE1 and CE2 
activeand wd sreesionalernuntbe 


ter e by going inactive. The 
1 control input setup and 
id bereferenced to the signal 


active last or becomes inactive 


: goes low before or concurrent 
vith later of CE1 and CE2 going active, the 
output remains in a high impedance state. 


18. If CE1 and CE2 goes inactive before or 
concurrent with WE going high, the output 
remains in a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Rising edge of CE2. 

b. Faliing edge of WE (CE1, CE2 active). 

c. Transition on any address line (CE1, CE2 
active). 

d. Transition on any data line (CE1,CE2,and 
WE active). 

The device automatically powers down 

from ICC2 to ICC! after trp has elapsed from 

any of the prior conditions. This means that 

power dissipation is dependent on only 


cycle rate, and is not on Chip Select pulse 
width. 
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20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameteris sampled and not 
100% tested. 


22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23, CE1,CE2,or WE mustbeinactive during 
address transitions. 


24. This productisa very high speed device 
and must be taken during testing in 
order to realize valid test information. In- 
attention to setups and proce- 
use a good part to be rejected as 
. Lomg high inductance leads that 
sesupply bounce must be avoided by 
bringing the VCC and ground planes di- 
actly up to the contactor fingers. A 0.01 pF 
igh frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 
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+5 V 
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power) 


28-pin 
(0.3" wide) 


28-pin 
(0.6" wide) 


CLEAR 
Ai2 
A7 


A6 
AS 
A4 
A3 
A2 
At 
Ao 
Oo 
O01 
VO2 











L7C186PC 
or 
L7CL186PC 


25| L7C186NC 


or 
15] L7CL186NC 
12 


35 35 
25| L7C186CM -+ 25 
20 fe) 20 
15 


r 
15] L7CL186CM 


L7C186DM 
or 


or 
L7CL186DM L7CL186HM 


L7C186DME L7C186HME 


or 20 or 
L7CLI86DME + 15 L7CL186HME 


L7C186HMB 


fc) or 
L7CL186HMB 


2 ig 
5} L7CL186CMB 
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L7C186/L7CL186 
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8K x 8 CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL186 


32-pin 
(450 x 550) 














Plastic SOJ Ceramic Leadless 
(.300"— W2) Chip Carrier (K7) 


3 se 
L7C186VC L7C186WC L7C186TC 
or 2 oF 2 or ] 
L7CL186VC L7CL186WC L7CL186TC 


L7C1 oe 
L7CL186TME 


L7C186TMB 
or 
L7CL186TMB 
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2 x 4K x 16 Cache-Data Static RAM 


L7C0183/184 





() 2x 4K x 16 or 8K x 16 Cache-Data 
Static RAM with Direct Map or 
Two-Way Set Associative 


) Auto-Powerdown™ Design 
[2 Advanced CMOS Technology 
Q) High Speed — to 20 ns worst-case 


{3 Low Power Operation 
Active: 700 mW typical at 45 ns 
Standby: 75 mW typical 


1) Data Retention at 2 V for Battery 
Backup Operation 


Q Plug Compatible with Cypress 
CY7C183 /184 


QO) Package Styles Available: 
¢ 48-pin Plastic DIP 
48-pin Sidebraze, Hermetic DIP 
48-pin Ceramic LCC 
52-pin Plastic LCC 





ADDRESS 
LATCH 
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The L7C183 and L7C184 are high- 
performance, low-power CMOS static 
RAMs which contain 128K bits organ- 
ized into either two, two-way set 
associative blocks of 4K x 16 RAM, or 


one directly mapped 8K x 16-bit RAM. 


The L7C183 and L7C184 are designed 
specifically for use with the Intel 
82385 Cache Controller. Addresses 
are jatched on the falling edge of the 
Address Latch Enable (ALE) signal. 
When ALE is HIGH, the latch is 
transparent. The L7C183 has all 
address bits latched by the ALE si 
except A12, which is unlatched. .A12, 
which bypasses the latch, has a 
access time. All address oe 
latched by the ALE signal in tte 
L7C184. The mode piticer 
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circuits are placed in the two-way 
mode. In the two-way mode, the 
upper address bit, A12 is a "don't 
care", and should be externally wired 
to ground. When mode is LOW, 

the circuits are placed in the direct 
mapped mode. 

Writing is accomplished in the two- 
way mode by taking CE LOW and by 
ji ifig the respective BEx and WEX 









enables bits Ds—Di5. WEA 
e bank A, and WEB 
s cache bank B to receive 
hatéver data resides on the data bus. 
and OEB similarly enable cache 
anks A and B, respectively, to drive 
the data bus. Writing is accomplished 
in the direct mode by tying WEA and 
WEB together externally, and using 
A12 to determine which 4K x 16 
memory bank is selected. 


DIRECT MAP 
(MODE = LOW) 
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2 x 4K x 16 Cache-Data Static RAM L7C183/184 


Reading is accomplished in the two- 
way mode by taking CE LOW, 
inserting the respective OEx and BEX 
signals LOW, and the respective WEX 
signal HIGH. The contents of the 
memory location specified on the 
address pins which appear on the 16 
outputs. Activation of OEA and OEB 
simultaneously will cause both banks 
to be deselected. Reading is 
accomplished in the direct mode by 
tying OEA and OEs together 
externally. A12 will determine which 
4K x 16 memory bank is enabled. 


Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 700 mW (typical) at 45 ns. 


Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read accesses 
which are longer than the minimum 
access time, or when the memory is 
deselected and addresses do not 
change (stable). In addition, data may (| 
be retained in inactive storage with a 
supply voltage as low as 2 V. Th 
memory typically consumes onl} 
9mW at3 V, allowing effectiv 

battery backup operation. 

Latchup and static dischargepfo- 
tection are provided on-chip. The 
L7C183 and L7C184 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 


?) 
mi 
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Operation 

Outputs Hi-Z, Write Disabled 
Outputs Hi-Z, Write Disabled 

Outputs Hi-Z 

Outputs Hi-Z 
ead I/Oo-1/07 Way A 
ead |/Oo-1/O7 Way B 
/Os—1/015 Way A 
ead I/Os—1/015 Way B 
Read |/Oo-1/015 Way A 
Read I/Oo-1/015 Way B 
Write 1/Oo-1/07 Way A 
Write 1/Oo-1/O7 Way B 
Write 1/Os—I/O15 Way A 
Write 1/Os—1/015 Way B 
Write I/Oo-I/015 Way A 
Write 1/Oo-1/015 Way B 
Write 1/Oo-I/O7, WayA&B 
Write I/Os-!/015 Way A & B 
Write I/Oo-1/015 Way A & B 
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Operation 
Outputs Hi-Z, Write Disabled 
Outputs Hi-Z, Write Disabled 
Outputs Hi-Z 
Read |/Oo-1/07 
Read |/Os-l/015 
Read I/Oo-1/015 
Write 1/Oo-1/07 
Write I/Os-l/O15 
Write 1/Oo-I/015 


H 
L 
X 
L 
L 
L 
L 
L 
L 
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2 x 4K x 16 Cache-Data Static RAM L7C183/184 











Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground —0.5 V to +7.0 V 


Input signal with respect to ground —3.0 V to +7.0 V 
Signal applied to high impedance output -0.5 V to +7.0 V 
Output current into low outputs 

Latchup current 














Mode Temperature Range (Ambient) 
Active Operation, Commercial 0°C to +70°C 
Active Operation, Military —55°C to +125°C 
Data Retention, Commercial 0°C to +70°C 
Data Retention, Military —55°C to +125°C 











pply Voltage 
4.5 Voc <5.5V 
b5V<Vcc<5.5V 


2.0V<Vcc<5.5V 
20V<Vcc<5.5V 
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Vcc Current, DR Mode 


Input Capacitance 


Vcc = 3.0 V (Note 9) 
| Ambient Temp = 25°C, Vcc = 5.0 V 
Test Frequency = 1 MHz (Note 10) 











Output Capacitance 





L7C183/184- 
Symbol Parameter Test Condition Unit 
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2 xX 4K x 16 Cache-Data Static RAM L7C0183/184 
















































































































L7C183/184- 
| Min | Max| Min | Max] Min | Max] Min | Mex 
Pavay | Read Oyele Tino os os fest pet 
Ftavav | Address Valid to Ouipul Valid, An=An (@3.1@ SS a] PPL a 
fimo [ Ades Chrgescoupu Ginga aa at at 
Address Change to Output Change 3 Mgt 4 yO, ll. aoke 5 
a {| [20] 
Ftotav | Chip Enable Low to Output Vaid (3,18) pe ts Pte [10 
tBLaV Byte Enable Low to Output Valid (13, 15) |  {20f fis] [ta] | tol 
Output Enable Low to Output Valid (13, 15, 20) A | 14]... | 10 |. |. 10. 
Chip Enable Low to Output Low Z (20, 21) \ oo Eee 
Byte Enable Low to Output Low Z (20, 21) eth [ari | 
oA AS Eos 
Ftonaz | Chip Enable High to Output HighZ@o,21) —-—~rat [ao] | e[_ | a] 
tsHaz_ | Byte Enable High to Output High Z (20, 21) RQy1ap | 10 | 8 8 
toHaz | Output Enable High to Output High Z (20, 21) mN- pet patra 
tli | ALE Pulse Width VA Se eee Ee 8 8 
taviL_| Address Valid to ALE Low an a ae ee ee ee 
Ftuax | ALE Low to Address Chango aN Wee at ta 
| tovoH | OEA,OEB OverlapTime (a) ANA oo ot oT 
feu | CE, BExLow to Power Up 10.18) \SXNS po Pot fo ot] 
Fe | Power Up to Power Down (90,19) \WXNS fas fs faa] 
Ftouve | Chip Enable High to Output Retention Go) CSW POP Pop Pet 


Reap Cycie — Apress Controtten (Notes 13\M)V 
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ADDRESS Ex 
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ADDRESS At2 
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ADDRESS 
Ao-At1 (L7C183) 
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L7C183/184 


2 x 4K x 16 Cache-Data Static RAM 





tavey ———_—_—____——_> 
tcLav ,t BLaV 


Sane ETL 

tcLaz ,tBLaz Sia 

HIGH IMPEDANCE 

COE DATA VALID 
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tBHOZ 
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HIGH IMPEDANCE 


DATA RETENTION MODE 
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CE, BEx 22222222 2A Vin 
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2 x 4K x 16 Cache-Data Static RAM L7C183/184 





L7C183/184- 








Symbol__ Parameter [Min [Max] Min| Max] Min] Max| Min Max 
ftavav | WriteCycleTime = CT | Sf tO 
Foiew | Chip Enable Lowto Endof Wie Gyde So] p20] pis pe 
Ftatzw | Byte Enable Low to End of Write Cycle} | | | | 78] | | J 
Fava | Address Valid to Begining of Wite Cycle | 0| | 0| | 0] | of 
Pavew | Address Valid to End of Wrie Cyele i | eo] ist fae 
Ftewax | End of Write Gyelo to Address Change ———SSSSSSSCid 2 et 2] 
Twiew | Write Enabie Low to End of Write Cycle, #0} | 20} | 1s] | v2] 
Ptovew | Data Vaid to End of Wie Cycle sid 1 | OT 10] | 8] 
Fewox | End of Write Gycloto Dala Chango | 0] f\o} | 0} | 0 — 
[wiiaz | Write Enable Fighto Ouput Low 7@0.5) SSCS SOT Of 0 J 
rwtaz —| Wire Enable Low to Oupul Figh Z@0,21) | wet Sti] al 8 
Puri [ALE Pulse Wath SSN 

tAVLL Address Valid to ALE Low _ Id Yel | 4] [ 4f | 

tLLAX | ALE Low Address Change TRANS [4] df 4d 4 
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2 x 4K x 16 Cache-Data Static RAM 


L7C183/184 

















1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbe clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach—2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. A series of normalized curves on pages 
2-8 through 2-11 of this data booksupply the 
designer with typical DC and AC paramet- 
ric information for Logic Devices Static 
RAMs. These curves may be used to deter- 
mine device characteristics at various tem- 
peratures and voltage levels. 


6. Tested with all address and data inputg 
changing at the maximum cycle rate. 
device is continuously enabled for w, 
i.e, CE,CS < VIL, WES VIL. 
levels are 0 to 3.0 V. 


7. Tested with outputs opené 
and data inputs changing at 
read cycle rate. The device is cd 
disabled, i.e., CE,CS > VIH. 


8. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE,CS = VCC. Input 
levels are within 0.2 V of VCC or ground. 


9. Data retention operation requires that 
VcC never drop below2.0 V. CE,CS must be 
2 VCC-0.2V. For all other inputs VIN 
2 VCC - 0.2 V or VIN < 0.2 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 





DEVICES INCORPORATED 












IOH plus 100 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shownasa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14, The chip is continuously selected 
(CE,CS low). 


15. All address lines are valid prior-to th 
CE,CS transition to low. 


is defined by the overlap of C 
WE low. Both signals mustbe L 





g high, the output remains in 
infpedance state. 


sult of any of the following conditions: 
a. Falling edge of CE,CS. 
b. Falling edge of WE (CE,CS active). 


c. Transition on any address line (CE,CS 
active). 


d. Transition on any data line (CE,CS and 
WE active). 


The device automatically powers down 
from ICC2 to ICC1 after trp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
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in Fig. 1b. This parameteris sampled and not 
100% tested. 


22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE,CS or WE must be high during ad- 
dress transitions. 


24. This productisa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can causea good part to be rejected as 
faulty. Long high inductance leads that 
pply bounce must be avoided by 
the VCC and ground planes di- 
to the contactor fingers. A 0.01 pF 


















and ground. To avoid signal 
tions, proper terminations must be 
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2 x 4K x 16 Cache-Data Static RAM L7C183/184 


48-pin 
(550 x 550) 


w 20 21 22 23 24 25 26 27 28 29 0° 


<c 
Sg ee 


L7C183PC cs L7C183DC £38 Be L7C183KC £8 a 
L7C184PC 25 L7C184DC L70184KC 25 


L7C183KM -[ 3e 
or 
L7C184KM 


L7c183KME -{ Se 
or 
L7C184KME 


L7C183KMB -[ 45 
or 35 
L7C184KMB 





Memory Products 
2-128 5/15/90 


DEVICES INCORPORATED 


2 x 4K x 16 Cache-Data Static RAM 


L7C183/184 





ORDERIN 


Nc [] 20 
C 21 22 23 2 


L7C183JC - 45 
or 


L7C184JC 25 
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oY] ae Meats lolrciilelatiatsigemelectiiom at ANiy, 


L7CX187 





O 


64K x 1 Radiation-Hard Static 
RAM with Separate I/O, 
Chip Select Powerdown 


Address Access Time: 
< 50 ns at 80°C 


Total Dose: 210° Rads (SiO2) 
Dose Rate Upset: 2109 Rads (Si)/s 


Dose Rate Survivability: 
>10? Rads (Si)/s 


Neutron Hardness: >10!4 N/cm? 


SEU Immunity: 
<10~ errors/bit-day at 90°C, 4.5 V 


SEU Immunity: 
<10- errors/bit-day at 25°C, 5.0V 


Latchup-Free Operation within 
Maximum Ratings 

Package Styles Available: 

¢ 24-pin Sidebraze, Hermetic DIP 


O O O Oo OOO O 


ROW 


ROW SELECT 


ADDRESS 
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The L7CX187 Radiation-Hard CMOS 
static RAM is a high-performance, low 
power device fabricated in a 1.25 pm. 
bulk-CMOS radiation-hard process. 
The storage circuitry is organized as 
65,536 words by 1 bit per word. 


The L7CX187 performs at specification 
after exposure to 1 x 108 Rads (SiO2) 
and retains data during exposure to 
transient radiation of up to 1 x 109 
Rads (Si)/s. The single-event suscep- 
tibility is less than 10-errors/bit-day. 


Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 225 mW (typical) at 50 ns. Dissipa- 
tion drops to 3 mW (typical) when the 
memory is deselected (CE is high). 


256 x 256 
MEMORY 
ARRAY 


COLUMN SELECT 
& COLUMN SENSE 


COLUMN ADDRESS 
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The L7CX187 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. An active-low 
Chip Enable and a three-state output 
simplify the connection of several 
chips for increased capacity. 


Memory locations are specified on ad- 
dress pins Aothrough A15. Reading 
from a designated location is accom- 
plished by presenting an address and 
driving CE low while WE remains 
high. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin stays in a high- 
impedance state when CE is high or 
WE is low. 


Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 
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64K x 1 Radiation-Hard Static RAM L7CX187 


















Storage teMpPerature .........cssccccceressrssereseeees -—65°C to +150°C 
Operating ambient temperature .............s0000 -55°C to +125°C 
Vcc supply voltage with respect to ground .... -0.3 V to +6.5 V 
Voltage ON ANy PIM ......csssccserccesrersseeeseees —3.0 V to Vcc +0.3 V 
Output current into low OUTPUTS ..........eccccccsseeesesseeeesseaees 


FPeramatr | Symbot | man | Typ [tnx | Unt | 
FPowrsinsy | veo | 45] so[es |v 
antertone | t | 0 [asm |e 











|Parameter =| ~Ssikimits, =| =~ TestConditions = 
Pulse Width < 1 us; TA = 25°C, Voc = 4.5 V 
Pulse Width < 50 ns; TA = 25°C, Voc = 5.0V 


Soft Error Rate (1) <107 errors/bit-day TA= 90°C, Vcc = 4.5 V 
<10-'° errors/bit-day TA= 25°C, Vcc = 5.0 V 


(1) Refer to Figs. 3 and 4. 




























0°C to +80°C | —55°C to +125°C 
Symbol Parameter Test Condition 


| Min | Mex | 
Vor | Output High Voltage | loH=-40mA | 24 | ives 
Vor_| OutputLow Voltage | lor=t60mA || Lae 
| et cea 
+0.3 
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CouT | Output Capacitance 








Memory Products 


2-132 LDS.X187-A 


DEVICES INCORPORATED 


64K x 1 Radiation-Hard Static RAM L7CX187 





L7CX187-50 










Parameter Pin | Max| Min | Max_ 

Ftavav | Read Cycle Time (Address) ———=S~=~—“~*~*S*~*—*—~“—*~*S*S*S*S*S*S*~“—~sSCSTSCSSCC*d 
Ftavav | Address Valid to Output Valid Wtes8,0)SSCSC=“*“*“‘“‘*S*~*~SC“‘(‘;‘OYSOC“‘*#C«‘CO 
taxGx | Address Change to Data Hold (Notes 9,0) —=—SCSC~C~S~S~—CS~S~S~sCO YC‘ 
Ficiéx | Read Cycle Time (GhipEnable) SSS 
Ficiav | Chip Enable Low to Output Valid Weiss 7i)_——SCSC~—“‘~‘~*~*~“‘“<~*rS*SC*iSC wT CSC*dSCY 
Picaz | Ghip EnableHigh to OutpulHighZ_———SSSSCSCSC~—“~S*~‘“‘—~‘“~*~*~S~‘“CSYY C‘dYC(C 
[Chip Enable Lowto OuiputlowZ—SSCSC~—~CSCSCSCS SSCdY; TCC 





ADDRESS ee ee 


tavav 


DATA OUT | PREVIOUS DATA VALID AG DX OO KOK OOD DATA VALID 


taxax 


tcHaz 


tcLoz 


IG 
seat a a OOOO —— 
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64K x 1 Radiation-Hard Static RAM L7CX187 


L7CX187-50 
0°C to +80°C | —55°C to +125°C 


Symbol Parameter 


Min 
iwvav | _Write Gyole Time (Address) ——SSSCSC~—~—SCSCSCSC‘CS~C~S~S~™ CC 
Ftavew | Address Valid to Beginning ofWrie Gye —SSSSSCSC~‘“‘~*~*dCC~=*d 
fWlEW |  Weite Enable Low to End of Write Cycle SCS 
rtewax | End of Write Cycle to Address Change —=SC~—~—~S~—S CB 
Ftovew | Data Valid to End of Write Cycle SSCS 
Ftewox | End of Write Cycle to DataChanga—=—=SCSC~—~—“—~*S*~*—“—‘—*—CSs~—C—~—s~—“—S~sSsS CBS 
Ftewov | End of Write Cycleto DataVaid ——SSSCSC~—~—S~S—SCSCSCS BY 
fwlaz_| Waite Enable Low to Output HighZ(Notes 16,76) SSC«dCSC*d 
[Write Enable High to Output LowZ (Notes 15,7) ——SSSSCSCSC~C~S~S~SY 
Address Valid to ChipEnablelow——SSSSCSCSC~—S CS 
Write Time Cycle (Chip Enable) —SCSCSC~—~S 
Chip Enable Low to Write EnabloLow_—SC~—~—SY Ci 

fwHCH | White Enable High to Chip EnableLow_—=—SsS~CS~SY SC 
= 


tCLWXx Chip Enable Low to Write Enable High 
ind 4. 


ADDRESS 


| —_—______-. TWLEW tEWAX 


SS tex 
> DATAN VALID 


tWLoz tEwov. 


DATA OUT HIGH MPEDANCE a CX XK XK DATA VALID 
twHaz 


WE 


DATA IN 


ADDRESS ee 


taVCcL tCLox 


tcLwL twHex 
= ti—“(t‘CS*CSsSS 
ee tewox 
a a 


jt WLOZ 
DATA OUT HIGH IMPEDANCE xxx HIGH IMPEDANCE 
INANFN 


<<. tCLOX 


DATAIN 
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64K x 1 Radiation-Hard Static RAM 


L7CX187 





1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. Duration of the output short circuit 
should not exceed 30 seconds. 


4. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE > VIH. 


5. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE = VCC. Input 
levels are within 0.5 V of VCC or ground. 


6. These parameters are guaranteed but not 
100% tested. 


7. Test conditions assume input transition 
times of less than 5 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 50 pF (Fig. 1a), and input pulse 
levels of 0.8 to 2.40 V (Fig. 2). 


8. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 
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9. WE is high for the read cycle. 


10. The chip is continuously selected (CE 
low). 


11. All address lines are valid prior-to or 
coincident-with the CE transition to low. 


12. The internal write cycle of the memor 
is defined by the overlap of CE low and 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


13. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 


14. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


15. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


16. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameterissampled and not 
100% tested. 


17. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


18. CE or WE must be high during address 
transitions. 


19. This productisa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 
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64K x 1 Radiation-Hard Static RAM L7CX187 


8 


b 
o 


@ 
= 
I 
e 
Q 
= 
Ww 
7) 
al 
5 
a 
Ww 
E 
rea 
= 


0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5 


NORMALIZED MEAN CELL RESISTANCE NORMALIZED MEAN CELL RESISTANCE 
(measured at temperature = 25°C (measured at temperature = 25°C 
and Vcc = §.0 V) and Vcc = 5.0 V) 


PETERSON ERROR RATE FIGURE OF MERIT 
(errors/bit-day) 
8 


Atavav (ns) 
NORMALIZED ISTB1 AND ISTB2 
Pe 5 


° 
& 


1.0 . 1.0 
TOTAL DOSE [MRads (SiO2)] TOTAL DOSE [MRads (SiO 2)) 


Vec = 5.6 V i Veco =#4.4V 
Ta = 25°C TA =25°C 


1.0 : i 1.0 
TOTAL DOSE [MRads (Si02)] TOTAL DOSE [MRads (SiO2)} 
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64K x 1 Radiation-Hard Static RAM L7CX187 





24-pin 
(0.6" wide) 


L7CX187HMB50 
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0 


256K x 1 Radiation-Hard Static 
RAM with Separate I/O, 
Chip Select Powerdown 


Address Access Time: 
< 50 ns at 80°C 


Total Dose: 10° Rads (SiO2) 
Dose Rate Upset: 210° Rads (Si)/s 


Dose Rate Survivability: 
>10" Rads (Si)/s 


Neutron Hardness: >1014 N/cm? 


SEU Immunity: 
<10~ errors/bit-day at 90°C, 4.5V 


SEU Immunity: 
<10~" errors/bit-day at 25°C, 5.0V 


Latchup-Free Operation within 
Maximum Ratings 

Package Styles Available: 

© 24-pin Sidebraze, Hermetic DIP 


O oO O OO OOO O 


ROW 


ADDRESS 


ROW SELECT 
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The L7CX197 Radiation-Hard CMOS 
static RAM is a high-performance, low 
power device fabricated in a 1.25 um. 
bulk-CMOS radiation-hard process. 
The storage circuitry is organized as 
262,144 words by 1 bit per word. 


The L7CX197 performs at specification 
after exposure to 1 x 10° Rads (SiO2) 
and retains data during exposure to 
transient radiation of up to 1 x 10° 
Rads (Si)/s. The single-event suscep- 
tibility is less than 107" errors/bit-day. 


Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 260 mW (typical) at 50 ns. Dissipa- 
tion drops to 3 mW (typical) when the 
memory is deselected (CE is high). 


1024 x 256 
MEMORY 
ARRAY 


COLUMN ADDRESS 
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The L7CX197 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. An active-low 
Chip Enable and a three-state output 
simplify the connection of several 
chips for increased capacity. 





Memory locations are specified on ad- 
dress pins Ao through A15. Reading 
from a designated location is accom- 
plished by presenting an address and 
driving CE low while WE remains 
high. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin stays in a high- 
impedance state when CE is high or 
WE is low. 











Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 
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256K x 1 Radiation-Hard Static RAM L7CX197 












FPeremeter | Symbol | Min | Typ] Max | Unit | 
| Power Supply | veo | 45/50/55 | V | 
[ambient Temp. | Ta | 0 | 25] 80 | °c | 





Storage teMpPerature .........cceccccecseecseneereesees -—65°C to +150°C 
Operating ambient temperature ...............008 —55°C to +125°C 
Vcc supply voltage with respect to ground.... -0.3 V to +6.5 V 
Voltage ON ANY PIN........sesccrsecsecsesseeenes -3.0 V to Vcc +0.3 V 
Output current into loW OUTPUTS ..........ceseeeeseceeeseseererseeeees 25 mA 













Total Dose 210° Rads (SiOz) TA= 25°C, Vcc = 5.5V; Co60 gamma cell 


Dose Rate Upset 210° Rads (Si)/s Pulse Width < 1 ps; TA= 25°C, Voc = 4.5 V 
Dose Rate Survivability | >10'? Rads (Si)/s Pulse Width < 50 ns; TA = 25°C, Vcc = 5.0 V 


Soft Error Rate (1) <10~’ errors/bit-day Ta= 90°C, Vcc = 4.5 V 
<10-'° errors/bit-day TA = 25°C, Vcc = 5.0 V 


Parameter 






















Neutron 





(1) Refer to Figs. 3 and 4. 








o°C to +80°C | —55°C to +125°C 


[it lel | isle 


Symbol Parameter Test Condition 


Output High Voltage IOH = -4.0 mA 
Output Low Voltage loL = 16.0 mA 


VIH Input High Voltage 


pix | Input Leakage Current 
fioz [Outpt Leakage Curent 
[ios | OutpetShor Curent 


Vcc Current, Active Write Operation @ 20 MHz 
Vcc Current, TTL Inactive CE > 2.4 V (Note 4) 


Vcc Current, CMOS Standby | CE > Voc — 0.3 V (Note 5) 
FCN | Input Capacitance GND < VIN < VCC (Note 6) 
Output Capacitance GND < VouT < VCC (Note 6) 


+ 
os 
@ oO 


I+ 
— 
(>) 


an 
° 
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256K x 1 Radiation-Hard Static RAM L7CX197 





Parameter 


ADDRESS 
tavav 


DATA OUT [PREVIOUS DATAVALOSIR KOO DATA VAL 


taxax 


tcHaz 
tcLaz 


HIGH IMPEDANCE HIGH IMPEDANCE 
DATA OUT CKKKY 
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256K x 1 Radiation-Hard Static RAM L7CX197 
















L7CX197-50 

Symbol Parameter [Min | Max[ Min | Max 

Ptwav [Write Cycle Time (Address) ———SSCSC—“—*~—S*~“s*S*S*S*~*—“‘—*~*S*S*~é~é~sSCSESC‘i DS ~*PSC*d 

vaw | Address Valid to Beginning fWite Gye —=S=~=~“‘*‘~*~*~‘“‘“*~*~*srSC:C*dGSC“‘iRC CCS 
1Q 











4 


3 3 ee a 1 
Ftewax | End of White Cycle to Address Change —=S=C—=C~“‘“*~*“‘“~*“‘~‘“‘~sSBSCSdSC“‘id;SC ST 
Ftovew [Data Valid to End ofWiteCyle—SSSCSC~—~—“CSS TS 
Ftewox | End of White Cycle to Data Change ——=—SCS~C=~—~“—S*C—*~*“*~“~*‘“‘~*~*~*~*~*~*~rSCiSCdSC“‘iLS CB CY CS 
ftewav | End of Write CycletoDataVaid —SSC~=“*~*~‘“*S*S*~*~*sSC~*sSC*“SSCS OC‘. 
[tmaz | Write Enable Low to Output High Zwoies 16,16) SSSCSC~=“—~sSC“‘(L V|*YTCC 
Ftwaaz | Write Enable High to Output Low Z (Notes 15,6) ——SSSSCSCSC~sSSCSCdSB 
ptavet [Address Valid to ChipEnablelow ——SSsSSCSCSC“~*S*~‘“*~*‘“‘“~*~sSSSC‘dSC 
Fteicx [White Time Cycle (Chip Enable) ——SC—C—~—~—SSCSS TY 
fcuwt | Chip Enable Low to Write EnabloLow—=S~“*~*~—“—‘~‘“~“~“~*~*CSCSCSCSC‘dSC 
Fwact [Write Enable High to Chip EnableLow_—SsSCSC~—~—SSCSCSCS | dd 

iwx | Chip Enable Lowto Write EnableHigh ———SSSC~CSCS~C~S~S~sS | SCT | Cd 


(1) Refer to Figs. 3 and 4. 


3 





3|z 





twvav 


ADDRESS SS eee ee ee ee 


tavew 9 tWLEW t EWAX 


i tx 


DATAIN 
tEwov. 


DATA OUT ee CX X OK DATA VALID 
twHoz. | 


WE 


ADDRESS 


twHcx 


ee ee tewox 
DATAIN >. Ce 0 


—_——___—_—— t WLOZ 


DATA OUT HIGH IMPEDANCE <xxKxX HIGH IMPEDANCE 


a—_______—. t CLOX 








Memory Products 


2-142 LDS.X197-A 


DEVICES INCORPORATED 


256K x 1 Radiation-Hard Static RAM 


L7CX197 





1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. Duration of the output short circuit 
should not exceed 30 seconds. 


4. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE = VIH. 


5. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE = VCC. Input 
levels are within 0.5 V of VCC or ground. 


6. These parameters are guaranteed but not 
100% tested. 


7. Test conditions assume input transition 
times of less than 5 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 50 pF (Fig. 1a), and input pulse 
levels of 0.8 to 2.40 V (Fig. 2). 


8. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 
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9. WE is high for the read cycle. 


10. The chip is continuously selected (CE 
low). 


11. All address lines are valid prior-to or 
coincident-with the CE transition to low. 


12. The internal write cycle of the memo: 
is defined by the overlap of CE low and 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


13. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 


14, If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


15. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


16. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameterissampled and not 
100% tested. 


17, Alladdress timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


18. CE or WE must be high during address 
transitions. 


19. This product isa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 uF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 
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R:1 10002 
+5V 


OUTPUT 


INCLUDING 
JIG AND 
SCOPE 


Ri 480Q 
+5 V 


OUTPUT 


INCLUDING 


JIG AND 
SCOPE 
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256K x 1 Radiation-Hard Static RAM L7CX197 


Veco = 4.5V 


ie] 
o 


R 
o 


WRITE PULSE WIDTH (ns) 
b> 
ro) 


20 


1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5 


NORMALIZED MEAN CELL RESISTANCE NORMALIZED MEAN CELL RESISTANCE 
(measured at temperature = 25°C (measured at temperature = 25°C 
and Vcc = 5.0 V) and Vcc = §.0 V) 


PETERSON ERROR RATE FIGURE OF MERIT 
(errors/bit-day) 


Atavav (ns) 
NORMALIZED ISTB1 AND ISTB2 


1.0 k 1.0 
TOTAL DOSE {MRads (SiO2)} TOTAL DOSE [MRads (SiO 2)] 


Veco = 5.6V r Veco = 4.4V 
Ta = 25°C TA = 25°C 


1.0 : 1.0 
TOTAL DOSE [MRads (Si0,2)] TOTAL DOSE [MRads (SiO2)] 
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256K x 1 Radiation-Hard Static RAM 





24-pin 
(0.6" wide) 


L7CX197HMB50 
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Package Availability Code‘) 
soJ ser 
Part No. (1) _Plastic DIP CerDIP J Lead) 


L8C408 28/32 P9, P10 
L8C409 28/32 Pg, P10 


(1) See Section 1 — Ordering Information for assistance in constructing a valid part number. 
(2) See Section 10 ~ Packaging for package dimensions. 
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FIFO Memory Product Selection/Cross Reference 


Part No.‘!) 


L8C200 
L8C201 
L8c202 
L8CG203 
L8C204 


L8c20t1 
L8c2021 
L8C2031 


L8C2041 


L8c401 


L8C402 


L8C403 


L8C404 
L8C413 


L8C408 


L8C409 


L8C200 L8C201 L8C202 L8C203 
Competitor (256 x 9) (512 x 9) (1K x 9) (2K x 9) 
IDT 


IDT7200S 


Cypress 
Samsung 


Description 


256 x 9-bit 

512 x 9-bit 

1K x 9-bit 

2K x 9-bit 

4K x 9-bit 

512 x 9-bit 

with Flags + OE 
1K x 9-bit 

with Flags + OE 
2K x 9-bit 

with Flags + OE 
4K x 9-bit 

with Flags + OE 
64 x 4-bit 
without OE 

64 x 5-bit 
without OE 

64 x 4-bit 

with OE 

64 x 5-bit 

with OE 


64 x 5-bit 
with Flags + OE 


64 x 8-bit 
with Flags + OE 
64 x 9-bit 
with Flags + OE 


IDT7201S 
CY7C0412 
KM75CO1A 


NA 
NA 





Competitor 
IDT 


Cypress 
Samsung 


i ih. a 
J 
ee 
—— 
Ener ot ee 
<< ~~ 
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IDT72041S 


IDT72401 
CY7C401A 
NA 


NA 
NA 


Speed (ns) 


Com. 


IDT7202S 
CY7C424 


KM75C02A 


IDT72402 
CY7C402A 


NA 


20 


20 


20 


25 MHz 


25 MHz 


25 MHz 


25 MHz 


25 MHz 


25 MHz 


25 MHz 


Power (mW) 
Opr. 


495 
495 
495 
495 
495 


495 


495 


495 


495 


385 


385 


385 


385 


385 


Standby 


Pins 


28/32 
28/32 
28/32 
28/32 
28/32 


32 


32 


32 


32 
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IDT7203S 
CY7C429 
KM75CO3A 





L8C2011 
(512 x 9) 


LOGIC DEVICES PART NUMBER 
L8C402 L8C403 L8C404 L8C413 L8C408 L8C409 
(64 x 5) (64 x 4) (64 x 5) (64 x 5) (64 x 8) (64 x 9) 


1IDT72413 NA NA 
NA CY7C408A CY7C409A 
NA NA NA 


(1) See Section 1 — Ordering Information for assistance in constructing a valid part number. 
(2) See Section 10 - Packaging for package dimensions. 


NA 
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IDT72403 
CY7C403A 


IDT72404 
CY7C404A 
NA 


Packages Available) 


DIP, PLCC, LCC 
DIP, PLCC, LCC 
DIP, PLCC, LCC 
DIP, PLCC, LCC 
DIP, PLCC, LCC 


DIP, PLCC, LCC 
DIP, PLCC, LCC 
DIP, PLCC, LCC 


DIP, PLCC, LCC 


DIP, PLCC, LCC 
SOIC (Gull-Wing) 
DIP, PLCC, LCC 
SOIC (Gull-Wing) 
DIP, PLCC, LCC 
SOIC (Gull-Wing) 
DIP, PLCC, LCC 
SOIC (Gull-Wing) 


DIP, PLCC, LCC 
SOIC (Gull-Wing) 


DIP, PLCC, LCC 


DIP, PLCC, LCC 


ee 
ee 


cand 
cand Kx 9) 


array mi 1S eee Ss ~ S 
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256/512/1K/2K/4K x 9-bit L8C200/201 
First-In/First-Out (FIFO) L8C202/203/204 













QO First-In/First Out (FIFO) using The L8C200, L8C201, L8C202, L8C203, parallel. The active device is deter- 

Dual-Port Memory and L8C204 are dual-port First-In/ mined by the Expansion In (XD and 
Q High Speed — to15 ns Access Time First-Out (FIFO) memories. The FIFO Expansion Out (XO) signals which are 
 Asychronous and Simultaneous memory products are organized as: daisy chained from device to device. 

Read and Write L8C200 — 256 x 9-bit The read and write operations are 
Q Fully Expandable by both Word L8C201 - 512 x 9-bit internally sequential through the use 

Depth and/or Bit Width pen = aie = a of ring pointers. No address informa- 
QO Empty and Full Warning Flags Zz nse tion is required to load and unload 

L8C204 ~ 4096 x 9-bit data. The write operation occurs : 


QO Auto Retransmit Capability Each memory utilizes a special 
4 Plug ee a IDT720x, algorithm that loads and empties data 
Cypress CY7C4x, and Samsung on a first-in/ first-out basis. Full and 


when the Write (W) signal is LOW. 
s when Read (R) goes 
nine data outputs go to the 











KM75COx Empty flags are provided to prevent impedance state when R is 
Cl) Package Styles Available: data overflow and underflow. Thr A Retransmit (RT) capability 
° 28-pin Plastic DIP additional pins are also provided to ows for reset of the read pointer 
° 28-pin CerDIP allow for unlimited expansion en RT is pulsed LOW, allowing for 
° 32-pin Plastic LCC word size and depth. Depf{rEx retransmission of data from the 
* 32-pin Ceramic LCC sion does not result in a flowMhroyxh beginning. Read Enable (R) and Write 


Enable (W) must both be HIGH 
during a retransmit cycle, and then R 
is used to access the data. A Half Full 
(HF) output flag is available in the 
single device and width expansion 
modes. In the depth expansion 
configuration, this pin provides the 
Expansion Out (XO) information 
which is used to tell the next FIFO that 
it will be activated. 


The FIFOs are designed to have the 
fastest data access possible. Even in 
2K x 9-bit lower cycle time applications, faster 
axe bn access time can eliminate timing 
bottlenecks as well as leave enough 
256/512 |. __* | margin to allow the use of the devices 
twakak CELLET TI TL without external bus drivers. 
THREE- 


STATE The FIFOs are designed for those ap- 
SS Rene plications requiring asychronous and 
simultaneous read / writes in multi- 
processing and rate buffer applica- 
tions. 


Latchup and static discharge protec- 

tion is provided on-chip. The FIFOs 

can withstand an injection current of 

up to 200 mA on any pin without 
LOGIC 


damage. 
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204 


Storage temperature . .. —65°C to +150°C 
Operating SMDISNE toMPOFANINS sass siscsssecascscvivsevensinasteusuvebascevoussecunduauivectbeas avviuer.Uysepesvaden cotdparsneeateued —55°C to +125°C 
Vcc supply voltage with respect tO QrOUNG ...........sscsscessesscssenerseresccesessessssorserssesecssscosssassonsoesnenees -0.5 V to +7.0 V 
DC voltage applied to outputs in High Z state ...........cccsscccssscecsscrscsecscessccssssseeseccesseccessenceesseseeeereneeee -0.5 V to +7.0 V 
DG [Apt VORA soi csccecesencs sc ca teucspenrsvnuvadecdasacebeeesciviesatancyucvuatcavsenenmnyeoban unas vances sacsneandoosoan ees oamnceusiensy -3.0 V to+7.0 V 


POWGE DISE IO GMOND cosas cea conshicsscceacsceavuceencecacdeeceasceanevesesckeusaysceusesuponsnndeyesacetouneerddesousdeusustieeosdetelansaWwanctuansauanee 1.0W 
Output current into low outputs 
LICH CUTAN ve cccsscescecceccvatpeccbesackiecadb seas udeden detec unvesecsssaGipvansesusasinaceqtassouavescouenacoe® 


Mode 
Active Operation, Commercial 5.0 V+10% 
Active Operation, Military 5.0 V+10% 


Sa on renconin WOT [| [| 
Output High Volage | lon=-20WNEN Wn SSSCS~*~riC ae 
Output Low Voltage IoL =,8.0 mA? Minn 


LL 
[vic [puttow votage Weg? SSS~ 
[ix | iputLeakage ure POE vves 
Ftoz | OupurLockageEnyat R= Vin, GNO=Vouraves i= 





o 


+ 
os 
oo 


+ 
—_ 
o 


_ 
o 
- uf 
o 


| CIN | Input Capacitance Ambient Temp = 25°C, Vcc = 4.5 V pF 
Output Capacitance Test Frequency = 1 MHz (Note 8) pF 











L8C200/201/202/203/204- 
Symbol Parameter Test Condition (MHz)= | 20 | 


15 | 20 | 25 | 38 | 50 
jloct_| Voo Current, Active | Voo= Max. Jour=0mA (Netes5.6) | 100 | t00/ 20 | 90 | 80 
[Fs shittFrequeny | a 3 | a8 | 20 | 8 | 
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204 





INPUTS Read enable (R) and Write enable (W) must be in the high 
RESET (RS) state during retransmit. This feature is useful when less 

; ; —., : than the full memory has been written between resets. 
Reset is accomplished whenever the Reset (RS) input is Retransmit will affect the Half-Full Flag (Hp), depending 
taken to a low state. During reset, both internal read and _4y, the relative locations of the read and write pointers. 


write pointers are set to the first location. A reset is The retransmit feature is not compatible with the Depth 
required after power up before a write operation can take Expansion Mo aa. 


place. Both the Read enable (R) and Write enable (W) 
inputs must be in the high state during the window shown EXPANSION IN (XI) 

(i.e., tWHSH before the rising edge of RS) and should not _ This input is a dual-purpose pin. Expansion In (XD) is 
change until tSHWL after the rising edge of RS. Hall-Full —_ grounded to indicate an operation in the single device 





Flag (HF) will be reset to high after Reset (RS). mode. Expansion In (XI) is connected to Expansion Out 
WRITE ENABLE (W (XO) of the previous device in the Depth Expansion or 
(W) Daisy Chain Mode. 







A write cycle is initiated on the falling edge of this input if 
the Full Flag (FF) is not set. Data setup and hold time DATA INPUTS (Do—Ds 


must be adhered to with respect to the rising edge of the — Data input signals for -bi data. Data has setup 
Write enable (W). Data is stored in the RAM array se- and hold time reqvifemne i respect to the rising 
quentially and independently of any on-going read edge of W. 

operation. 


To prevent data overflow, the Full Flag (FF) will go low, OUTPUT 


inhibiting further write operations. Upon the completion 
of a valid read operation, the Full Flag (FF) will go high Th 
after tRHFH, allowing a valid write to begin. When the 
FIFO is full, the internal write pointer is blocked from W, 
so external changes in W will not affect the FIFO when it i 
full. 










will go low, inhibiting further write 
ating that the device is full. If the read 
not moved after Reset (RS), the Full Flag (FF) 
after 256 writes for the L8C200, 512 writes for 
01, 1024 wites for the L8C202, 2048 wites for the 
READ ENABLE (R) , and 4096 writes for the L8C204. 


A read cycleis initiated on the falling edge of the R PTY FLAG (EF) 

enable (R) provided the Empty Flag (EF) is net set. TR The Empty Flag (EF) will go low, inhibiting further read 
data is accessed on a First-In/First-Out bgsjs, itdependehtt operations, when the read pointer is equal to the write 
of any ongoing write operation. After ? pointer, indicating that the device is empty. 


TE ce re ate Piet, EXPANSION OUT/HALF-FULL FLAG (XO/RF) 
ty Flag This isa dual-purpose. output. In the Single Device Mode, 











all the data has been read from ghé 
(EF) will go low, allowing the “fine pycle but when Expansion In (XI) is grounded, this output acts as an 
inhibiting further read op th the data outputs _indication of a half-full memory. 


remaining in a high imp tate.\Once a valid write After half of the memory is filled and at the falling edge of 
operating has been accomplisked, the Empty Flag (EF) will the next write operation, the Half-Full Flag (HF) barn be set 
go high after tWHEH and a v ead can then begin. to low and will remain set until the difference between the 
When the FIFO is empty, the internal read pointer is write pointer and read pointer is less than or equal to one 
blocked from R so external changes in R will not affect the half of the total memory of the device. The Half-Full Flag 
FIFO when it is empty. (HF) is then deasserted by the rising edge of the read op- 
FIRST LOAD/RETRANSMIT (FL/RT) eration. 


This is a dual-purpose input. In the Depth Expansion In the Depth Expansion Mode, Expansion In (XI) is 
Mode, this pin is grounded to indicate that it is the first connected to Expansion Out (XO) of the previous device. 
loaded (see Operating Modes). In the Single Device Mode, This output acts as a signal to the next device in the Daisy 
this pin acts as the retransmit input. The Single Device Chain by providing a pulse to the next device when the 


Mode is initiated by grounding the Expansion In (XI). previous device reaches the last location of memory. 
The FIFOs can be made to retransmit data when the Re- DATA OUTPUTS (Qo-Qs) 
transmit enable control (RT) input is pulsed low. A Data outputs for 9-bit wide data. This data is ina high 


retransmit operation will set the internal read pointer to 


di d enab! 
the first location and will not affect the write pointer. spelanes condition iit yes Mead enable Us) ita 


high state or the device is empty. 
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256/512/1K/2K/4K x 9-bit FIFO 


L8C200/201/202/203/204 





SINGLE DEVICE MODE 


A single FIFO may be used when the application require- 
ments are for the number of words in a single device. The 
FIFOs are in a Single Device Configuration when the Ex- 
pansion In (XI) control input is grounded. In this mode 
the Half-Full Flag (HF), which is an active low output, is 
the active function of the combination pin XO/HF. 


WIDTH EXPANSION MODE 


Word width may be increased simply by connecting the 
corresponding input control signals of multiple devices. 
Status flags (EF, FF, and HF) can be detected from any one 
device. Any word width can be attained by adding 


additional FIFOs. Flag detection is accomplished by moni- 


toring the FF, EF, and HF signals on either (any) device 
used in the width expansion configuration. Do not 
connect any output signals together. 


DEPTH EXPANSION (DAISY CHAIN) MOD 


The FIFOs can easily be adapted to applicati 
requirements are for greater than the n 
a single device. Any depth can be attaj 
ditional FIFOs. The FIFOs operates in 








3. The Expansion Out (XO)pin of each device must be 
tied to the Expansion In (XI) pin of the next device 
with the last device connecting back to the first. 

4. External logic is needed to generate a composite Full 
Flag (FF) and Empty Flag (EF). This requires the 
ORing of all EFs and ORing of all FFs (i.e., all must be 
set to generate the correct composite FF or EF). 


5. The Retransmit (RT) function and Half-Full Flag (HF) 
are not available in the Depth Expansion Mode. 


DEVICES INCORPORATED 


BIDIRECTIONAL MODE 


Applications which require data buffering between two 
systems (each system capable of Read and Write opera- 
tions) can be achieved by pairing FIFOs. Care must be 
taken to assure that the apfropriate flag is monitored by 
each system, i.e., FF is monitored on the device when W is 
used; EF is monitore fon-the\device when R is used). Both 











Depth Expansio: Expansion may be used in 
this mode. 
DATA F UGH MODES 


mode, the FIFO permits the reading of a 
ter writing one word data into an empty 
e data is enabled on the bus in (tWHEH + tRLQV) 


fl 
BN the rising edge of W, called the first write edge, 


it remains on the bus until the R line is raised from 

w-to-high, after which the bus would go into a three- 
state mode after tAHQZ ns. The EF line would have a 
pulse showing temporary de-assertion and then would be 
asserted. In the interval of time that R is low, more words 
can be written to the FIFO (the subsequent writes after the 
first write edge will be de-assert the Empty Flag). How- 
ever, the same word (written on the first write edge) 
presented to the output bus as the read pointer, would not 
be incremented when R is low. On toggling R, the other 
words that are written to the FIFO will appear on the 
output bus as in the read cycle timings. 


In the write flow-through mode, the FIFO permits the 
writing of a single word of data immediately after reading 
one word of data from a full FIFO. The R line causes the 
FF to be de-asserted but the W line, being low, causes it to 
be asserted again in anticipation of a new data word. On 
the rising edge of W, the new word is loaded in the FIFO. 
The W line must be toggled when FF is not asserted to 
write new data in the FIFO and to increment the write 
pointer. The user must be aware that there is no minimum 
value for tRLEL and tWLFL. These pulses may be slight 
during some operating conditions and lot variations. 
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256/512/1K/2K/4K x 9-bit FIFO 


Parameter 
Read Cycle Time 
Read Low to Output Valid (Access Time) 
Read High to Read Low (Notes 9, 10) 
Read Low to End of Read Cycle (Notes 9, 10) 
Read Low to Output Low Z (Note 2) 
Read High to Output Valid 
Read High to Output High Z (Note 15) 
Write Cycle Time (Note 10) 
Write Low to Write High (Notes 9, 10) 
Write High to End of Write Cycle (Notes 9, 10) 
Data Valid to Write High (Notes 9, 10) 
Write High to Data Change (Notes 9, 10) 
Reset Cycle Time (Notes 10, 11) 
Reset Low to Write Low (Notes 10, 11) 
Write High to Reset High (Notes 10, 11) 
Read High to Reset High (Notes 10, 11) 
Reset High to Write Low (Notes 10, 11) 
Reset Low to Empty Flag Low A 


7) 
< 
3 
eg 
2 


4) OCEECECEMEECERGL 
sal || | LT isl | lel |e 


tRLAL 
tRLQV 
tRHRL 
tRLRH 
tRLOQZ 
tRHQV 


LWL 
LWH 
HWL 
tDVWH 
HDX 


ps 


=|2 


SH 
tRHSH 
tSHWL 
tSLEL 


Ay) 


Fisunt | Reset Low to Hal Full Flag High (NSS 
[isis [Reset Lowto FullFlagHigh «WAND 
EELS: 


MZ 


L8C200/201/202/203/204 


L8C200/201/202/203/204- 


GnNICHLD 
is 


| slate Sslalals| [ol-lsla) [als 
sles LTTE te LT | te 
UC COCR CoUmEECEM@uu 
ela) TTT TTT TT fet | | Ue 
| | lelisisisloiaiaials| lvalsial [3l6; 
|| | Jelalalslale|sielale| [alolale) [ale 
ss | ETT TTL del | | Lda 


_ 
o 


trRHaz 


XD 


tWHWL 


tWHDX 


DATA-IN VALID 


KAKKAAKAKKKKKKH 
R KRXKKAKKAANKKKKKKKH 


tRHSH 


tSLEL 


DATA-IN VALID 


EF KXKAKAKAKKAKKMKAK KK KKAKKAK KKK KAKAKKKK KK KKKAK KIO 


tSLHH, tSLFH 


KX KKKAKKKKKKKKKKMKKKKK KKK KKK KKK KKKKAMKIOGF 
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204 








| 50 
Symbol Parameter 




















Min | Max, 

Fisiav | Reed Low io Gul Vaid ii 
Frist | Read Low to Emply Fag Low | | a8] 
Read High to Full Flag High Po 451 
| tWHEH | Write High to Empty Flag High | | 45 | 
Write Low to Full Flag Low | | 45 | 
Retransmit Cycle Time }65 {| 
Retransmit Low to End of Retransmit Cycle (Notes 9,10,11) [50 | | 
tAHTH | Read/Write High to Retransmit High (Notes 9, 10, 11) 50] | 
‘AL | Retransmit High to Read/Write Low (Note 10) f15 | | 





la 





IGNORED 
WRITE 








LAST READ {G one SS FIRST WRITE ADDITIONAL} FIRST READ 
READ Sp WRITES 
q 


ZZ 
W C7 7 ai 4 
: eee @ _— aoe 
os ees or ee eee es 


¢ 


tTLAL 
tTLTH 


KKKAKAKAMI i 


KAKKKKKKKKKKMKKKKKKK KKK KK KKK KKK KK FLAG VALID 
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204 





L8C200/201/202/203/204- 
| so {| 35 | 25 | 20 | 
Symbol Parameter 


Min | Max | Min | Ma [in| Max 
riaven | ReadHighto FullFlagHigh——S™CSC<i | | oO] CY 
tena | Read Pulse Width AferEmpiy FlagHigh ____———*+jso| |e] | |_| 20| 
Fata | Read Fight Hal-FullFlagHigh ——SSSSCSCSC~sSC<‘ YC |] CL TY 
pas | 30 pa | 

esl [eh [at | 

sot pases 20 





Write High to Empty Flag High 
tWLHL Write Low to Half-Full Flag Low 


Write Pulse Width After Full Flag High (Note 10) 





E 


MORE THAN HALF-FULL OR LESS 
HALF-FULL 





Se ——— FIFO Products 
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204 









£8C200/201/202/203/2 


04- 


Symbol Parameter 


ReadMrite to Expansion Out Low (Note 12) 
ReadMWrite to Expansion Out High (Note 12) 


| txLXH | Expansion In Pulse Width (Notes 10, 12) 
XHXL | 











tXHXL Expansion In High to Expansion In Low (Notes 10, 12) 
ReadMrite Low to Expansion In Low (Notes 10, 12) 

















EX 
WRITE TO 
LAST PHYSICAL 
W LOCATION READ FROM 
LAST PHYSICAL 
LOCATION 


| ce 
tXLXH os mere txa#xt———_——> 

xi G)n~, 

WERE TO” 
senta Ce 

= O 

Ww Na esl is, ; READ FROM 
Y Ate FIRST PHYSICAL 

Ri LOCATION 
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204 





rt | Read Lowto Empy Flaglow | _] 
isrvi_| Read Puise With Aer Empty Fag High | 80. 
Twien | While Fighto Emply Fag High dS 
jaiay | Read Low to OuiputVald 
Write High to Output Low Z (Notes 14, 15) 15 | 

tiie | FleadFighio FullFlag High |_| 
twirt._| Write Low to Ful Fag Low | 
tn_| We Pulse With Atr Ful ag High [0 
tov Data Vaid to Write High 
| 5 


| Feta te 
eae 












SSS SSS 


[ge oe — tRLoV 
XxX 





Vv YY 
VW 
NC 
MO QA 


DATA IN 


tRLov 


al 


=| 


DATA OUT XY CKO 
a FIFO Products 
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L8C200/201/202/203/204 


256/512/1K/2K/4K x 9-bit FIFO 






Location Zero 





Location Zero 
Unchanged 


Retransmit ian Location Zero 
NX Increment Increment 


SY 
P INTERNAL sTaTUS | _ourupuTs | 
CA bn [mr | 
x X 
; oan ae 4 
ODE} 


ReadMWrite 
INPUTS INTERNAL STATUS 
| RS | RT| XI | Read Pointer Write Pointer cans 

Reset First Device (1) Location Zero Location Zero 

Reset All Others (1) | Location Zero Disabled Location Zero Disabled 0 1 

ReadMWrite (1) Xx X X xX 

(1) See Depth Expansion Block Diagram above. 

(2) Unchanged. 
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1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will beclamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach--2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


5. "Typical’ supply current values are not 
shown but may be approximated. Ata VCC 
of +5.0 V, an ambient temperature of +25°C 
and with nominal manufacturing param 
ters, the operating supply currents wj 
approximately 3/4 or less of the m 
values shown. 


wrtie a rate. The device is naither r full or 
empty for the test. 


7. Tested with outputs open in the worst 
static input control signal combination (i.e., 
W, R, XI, FL, and RS). 


8, These parameters are guaranteed but not 
100% tested. 


9. Test conditions assume input transition 
times of 5 ns or less, reference levels of 1.5 V, 
output loading for specified IOL and IOH 
plus 30 pF (Fig. 1a), and input pulse levels of 
0 to 3.0 V (Fig. 2). 


iin a 
en, 
ee 
= a a 
es oe 
a ~~ 
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10. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tRLRH is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 








+5 V 







OUTPUT 







INCLUDING 
JIG AND 
SCOPE 












11. When cascading devices, the reset pulse 
width must be increased to equal tstsi 
tsLHH. 









5 pF 






INCLUDING 
JIG AND 
SCOPE 


L 





i emperature and voltage 


disable time is less than 
t me for any given device. 





ition is measured +200 mV from 
tate voltage with specified loading 
. 1b. This parameter issampled and not 
% tested. 


16. This productis a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201/202/203/204 


28-pin 28-pin 
(0.3" wide) (0.6" wide) 





L8C200PC oe L8C200CC Cc L8C200KC ,- 50 
L8C201PC L8C201NC L8C201CC L8C201KC 
L8C202PC L8C202NC L8C202CC Lo L8C202KC 
eee PC REEONG L8C203CC L8C203KC 


or 
Lac2o4 Be Lec204nc L8C204CC 


L8C201KM 
L8C202KM 
L8C203KM 


or 
L8C204KM 


L8C200KM f 50 


L8C201KME 
L8C202KME 
L8C203KME 


or 
L8C204CME L8C204KME 


L8C200KME f 50 


L8C201CMB -- 35 L8C201KMB 
L8C202CMB L8C202KMB 


L8C203CMB L8C203KMB 
or or 
L8C204CMB L8C204KMB 


L8C200CMB f 50 L8C200KMB f 50 
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512/1K/2K/4K x 9-bit 
First-In/First-Out (FIFO) with Flags + OE 


L8C2011/2021 
L8C2031/2041 





Q) First-In/First Out (FIFO) using 
Dual-Port Memory 

QO) High Speed — to15 ns Access Time 

Q Asychronous and Simultaneous 


The L8C2011, L8C2021, L8C2031, and 
L8C2041 are dual-port First-In/First- 
Out (FIFO) memories. The FIFO 
memory products are organized as: 


Read and Write L8C2011 — 512 x 9-bit 
Q Fully Expandable by both Word L8C2021 -- 1024 x 9-bit 
Depth and/or Bit Width L8C2031 — 2048 x 9-bit 


L8C2041 — 4096 x 9-bit 
Each memory utilizes a special 
algorithm that loads and empties data 
on a first-in/ first-out basis. Full and 
Empty flags are provided to prevent 
data overflow and underflow. Three 
additional pins are also provided to 
allow for unlimited expansion j 
word size and depth. Depth E 


sion does not result in a floQthr 
penalty. The parts are h 2ktp 


with the data and co Se 


) Empty and Full Warning Flags 
LI Independent Output Enable 
Control Pin OE 
{3 Almost Full or Empty Flag 
QO Auto Retransmit Capability 
Q) Plug Compatible with IDT720xx 
C) Package Styles Available: 
¢ 32-pin Plastic DIP 
¢ 32-pin Plastic LCC 
¢ 32-pin Ceramic LCC 






WRITE 
CONTROL 


< | 
aink{ __ ee 
xak LLLILTTLI OT | 


STATE 
BUFFERS 
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parallel. The active device is deter- 
mined by the Expansion In (XI) and 
Expansion Out (XO) signals which are 
daisy chained from device to device. 


The read and write operations are 
internally sequential through the use 
of ring pointers. No address informa- 
tion is required to load and unload 
data. The write operation occurs 
when the Write (W) signal is LOW. 

s when Read (R) goes LOW 
t Enable (OE) is LOW. The 
data vutputs go to the high im- 

f tse state when R is HIGH or the 
QE is HIGH. A Retransmit (RT) capa- 
bitity allows for reset of the read 
pointer when RT is pulsed LOW, 
allowing for retransmission of data 
from the beginning. Read Enable (R) 
and Write Enable (W) must both be 
HIGH during a retransmit cycle, and 
then R is used to access the data. A 
Half Full (HF) output flag is available 
in the single device and width expan- 
sion modes. In the depth expansion 
configuration, this pin provides the 
Expansion Out (XO) information 
which is used to tell the next FIFO that 
it will be activated. 


The FIFOs are designed to have the 
fastest data access possible. Even in 
lower cycle time applications, faster 
access time can eliminate timing 
bottlenecks as well as leave enough 
margin to allow the use of the devices 
without external bus drivers. 


The FIFOs are designed for those ap- 
plications requiring asychronous and 
simultaneous read / writes in multi- 
processing and rate buffer applica- 
tions. 



















Latchup and static discharge protec- 
tion is provided on-chip. The FIFOs 
can withstand an injection current of 
up to 200 mA on any pin without 
damage. 
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§12/1K/2K/4K x 9-bit FIFO with Flags + OE L8C2011/2021/2031/2041 


Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground —0.5 V to +7.0V 
DC voltage applied to outputs in High Z state —0.5 V to +7.0 V 
DC input voltage -3.0 V to +7.0 V 
POW DISSIDETIOM sisasaasessiaieceaees cksdactessssdeanuvauietesneaddtvaaneseveassaudcedeoucsiene dove sauenaeadesacess aes eaguatens monwasaseeveses sieraab nes 1.0W 


Mode 
Active Operation, Commercial 
Active Operation, Military ~55°C to +125° 
SN 





Symbol Parameter 


[von | Out righ Vokago [Tons -2aunWeeNyn———SSSSS*d 
Vor | Outputtow Votage [lau gom\¥oomin. SSSSC~dSCidSC*d 


Pl 
g | 0.4 | 
VIH_— | Input High Voltage LY, vec | V 
WZ ee 
PSvinsveo 





Input Leakage Curren -GN, NI VIN < Voc 





| 1oz | Output LeakageZarpen\ R 2 ViH, GND < VouT < Voc 2 
-uputsten tee | Vour= GND, Vor =Nax aes | 

cco_| Vee Curent Powerown | Allnpus=Voo Wow ig) 
Ambient Temp = 25°C, Vcc = 4.5 V foto 

CouT Test Frequency = 1 MHz (Note 8) me 






Symbol Parameter Test Condition 


| 50 
Ficor | vee GuronsAsive | Voc =Max,our=0mA Wess 67] 60 | 20 | 00 | 100| 700] ma 
rs [shitrreqeny | «ts 0] as | os | ao fe 
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512/1K/2K/4K x 9-bit FIFO with Flags + OE 





L8C2011/2021/2031/2041 





INPUTS 
RESET (RS) 


Reset is accomplished whenever the Reset (RS) input is 
taken to a low state. During reset, both internal read and 
write pointers are set to the first location. A reset is 
required after power up before a write operation can take 
place. Both the Read enable (R) and Write enable (W) 
inputs must be in the high state during the window shown 
(i.e., tWHSH before the rising edge of RS) and should not 
change 1 until tsHWL after the rising edge of RS. Hall-Full 
Flag (HF) will be reset to high after Reset (RS). 


WRITE ENABLE (W) 

A write cycle is initiated on the falling edge of this input if 
the Full Flag (FF) is not set. Data setup and hold time 
must be adhered to with respect to the rising edge of the 
Write enable (W). Data is stored in the RAM array se- 
quentially and independently of any on-going read 
operation. 


To prevent data overflow, the Full Flag (FF) will go low, 
inhibiting further write operations. Upon the completion 
of a valid read operation, the Full Flag (FF) will go high 
after tRHFH, allowing a valid write to begin. When the 
FIFO is full, the internal write pointer is blocked from W, 
so external changes in W will not affect the FIFO when it 
is full. 


OUTPUT ENABLE (OE) 

The data outputs Qo—Q8 are enabled when OE is low. 
Once enabled, the outputs behave according to the condi- 
tion of R and EF. When the OE is high, the outputs Qo-Q8 
go to the high 1 impedance state regardless of the value of R 
and EF, The OE pin only inhibits the output buffers. It 
does not inhibit incrementing of the read pointer, there- 
fore, it is possible to move the read pointer and have the 
Qo-Qs bus remain tristated. 


READ ENABLE (R) 

A read cycle is initiated on the falling edge of the Read 
enable (R) provided the Empty Flag (EF) is not set. The 
data is accessed on a First-In/First-Out basis, independent 
of any ongoing write operation. After Read enable (R) 
goes high, the Data Outputs (Qo-Qs) will return to a high 
impedance condition until the next Read operation. When 
all the data has been read from the FIFO, the Empty Flag 
(EF) will go low, allowing the “final” read cycle but 
inhibiting further read operations with the data outputs 
remaining in a high impedance state. Once a valid write 
operating has been accomplished, the Empty Flag (EF) will 
go high after tWHEH and a valid read can then begin. 
When the FIFO is empty, the internal read pointer is 
blocked from R so external changes in R will not affect the 
FIFO when it is empty. 


FIRST LOAD/RETRANSMIT (FL/RT) 
This is a dual-purpose input. In the Depth Expansion 
Mode, this pin is grounded to indicate that it is the first 
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loaded (see Operating Modes). In the Single Device Mode, 
this pin acts as the retransmit input. The Single Device 
Mode is initiated by grounding the Expansion In (XI). 


The FIFOs can be made to retransmit data when the Re- 
transmit enable contro] (RT) input is pulsed low. A 
retransmit operation will set the internal read pointer to 
the first location and will not affect the write pointer. 
Read enable (R) and Write enable (W) must be in the high 
state during retransmit. This feature is useful when less 
than the full memory has been written between resets. 
Retransmit will affect the Half-Full Flag (HF), depending 
on the relative locations of the read and write pointers. 
The retransmit feature is not compatible with the Depth 
Expansion Mode. 


EXPANSION IN (XI) 

This input is a dual-purpose pin. Expansion In (XD) is 
grounded to indicate an operation in the single device 
mode. Expansion In (XI) is connected to Expansion Out 
(XO) of the previous device in the Depth Expansion or 
Daisy Chain Mode. 


DATA INPUTS (Do-Ds) 

Data input signals for 9-bit wide data. Data has setup 
and hold time requirements with respect to the rising 
edge of W. 


OUTPUTS 


FULL FLAG (FF) 

The Full Flag (FF) will go low, inhibiting further write 
operation, indicating that the device is full. If the read 
pointer is not moved after Reset (RS), the Full Flag (FF) 
will go low after 512 writes for the L8C2011, 1024 wites for 
the L8C2021, 2048 wites for the L8C2031, and 4096 writes 
for the L8C2041. 


EMPTY FLAG (EF) 

The Empty Flag (EF) will go low, inhibiting further read 
operations, when the read pointer is equal to the write 
pointer, indicating that the device is empty. 

EXPANSION OUT/HALF-FULL FLAG (XO/HF) 

This is a dual-purpose output. In the Single Device Mode, 
when Expansion In (XI) is grounded, this output acts as an 
indication of a half-full memory. 


After half of the memory is filled and at the falling edge of 
the next write operation, the Half-Full Flag (HF) will be set 
to low and will remain set until the difference between the 
write pointer and read pointer is less than or equal to one 
half of the total memory of the device. The Half-Full Flag 
(HF) is then deasserted by the rising edge of the read op- 
eration. 

In the Depth Expansion Mode, Expansion In (XI) is 
connected to Expansion Out (XO) of the previous device. 
This output acts as a signal to the next device in the Daisy 
Chain by providing a pulse to the next device when the 
previous device reaches the last location of memory. 
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512/1K/2K/4K x 9-bit FIFO with Flags + OE 


ALMOST-EMPTY/ALMOST-FULL FLAG (AEF) 

The AEF signal indicates that the FIFO is between Empty 
and 1/8 Full or between 7/8 Full and Full. The distinsta- 
tion between Almost-Empty and Almost-Full can be made 
by using AEF in conjunction with HF. The AEF signal is 
primarily designed for use in standalone applications. 
DATA OUTPUTS (Qo-Qs) 

Data outputs for 9-bit wide data. This data is in a high 
impedance condition whenever Read enable (R) is high, 
Ol is high, or the device is empty. 






A single FIFO may be used when the application require- 
ments are for the number of words in a single device. The 
FIFOs are in a Single Device Configuration when the Ex- 
pansion In (XI) control input is grounded. In this mode 
the Half-Full Flag (HF), which is an active low output, is 
the active function of the combination pin XO/HF. 


WIDTH EXPANSION MODE 


Word width may be increased simply by connecting the 
corresponding input control signals of multiple devices. 
Status flags (AEF, EF, FF, and HF) can be detected fr 
any one device. Any word width can be attained 

adding additional FIFOs. Flag detection is accompli 

by monitoring the AEF, FF, EF, and HF signafson eithe 
(any) device used in the width expansion énfignrati 

Do not connect any output signals to 


DEPTH EXPANSION (DAISY | 

The FIFOs can easily be adapte jOns where the 

requirements are for greate number of words in 
at 


a single device. Any de ed by adding ad- 
ditional FIFOs. The FIFOs ates in the Depth Expan- 
sion configuration when the wing conditions are met: 


1. The first device must be designated by grounding the 
First Load (FL) control input. 

2. Allother devices must have FL in the high state. 

3. The Expansion Out (XO) pin of each device must be 
tied to the Expansion In (XI) pin of the next device 
with the last device connecting back to the first. 


4. External logic is needed to generate a composite Full 
Flag (FF) and Empty Flag (EF). This requires the 
ORing of all EFs and ORing of all FFs (i.e., all must be 
set to generate the correct composite FF or EF). 


The Retransmit (RT) function and Half-Full Flag (HF) 
are not available in the Depth Expansion Mode. 


vl 
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L8C2011/2021/2031/2041 


64-128 | 128-512 | 256-1024 | 512-2048 
129-448] 513-896 | 1025-1792 | 2049-3584 
449-511)/897-1023) 1793-2047 | 3585-4095 








BIDIRECTIONAL MODE 


~ Read and Write opera- 
iring FIFOs. Care must be 

taken to asst 
each systerk 
used; EKi 










es of flow-through modes are permitted: a read 
-through and write flow-through mode. For the read 
ow-through mode, the FIFO permits the reading of a 
single word after writing one word data into an empty 
FIFO. The data is enabled on the bus in (tWHEH + tRLQV) 
ns after the rising edge of W, called the first write edge, 
and it remains on the bus until the R line is raised from 
low-to-high, after which the bus would go into a three- 
state mode after tRkHQZ ns. The EF line would have a pulse 
showing temporary de-assertion and then would be 
asserted. In the interval of time that R is low, more words 
can be written to the FIFO (the subsequent writes after the 
first write edge will be de-assert the Empty Flag). How- 
ever, the same word (written on the first write edge) 
presented to the output bus as the read pointer, would not 
be incremented when R is low. On toggling R, the other 
words that are written to the FIFO will appear on the 
output bus as in the read cycle timings. 


In the write flow-through mode, the FIFO permits the 
writing of a single word of data immediately after reading 
one word of data from a full FIFO. The R line causes the 
FF to be de-asserted but the W line, being low, causes it to 
be asserted again in anticipation of a new data word. On 
the rising edge of W, the new word is loaded in the FIFO. 
The W line must be toggled when FF is not asserted to 
write new data in the FIFO and to increment the write 
pointer. The user must be aware that there is no minimum 
value for tRLEL and tWLFL. These pulses may be slight 
during some operating conditions and lot variations. 
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512/1K/2K/4K x 9-bit FIFO with Flags + OE L8C02011/2021/2031/2041 


















L8C2011/2021/2031/2041- 
















é 
z 








rac | oad Cyl Ec al a 
tRLAL 35 25 
Ftiov | ReadLowto OuputVahd (Access Tima) —=~=C~=~‘dtSC‘“ST SL | PL 
tan | Read Fighto ReadLow Wotes8, 70) ——SSSC~C~BTCd WTC OC OPC 
Ftrunit | Read Low to End of Read Cycle Natee®, ia) =~ «dP S| «dfs | fo; aS 
ftaicz | ReadLowtoOuiputlowZ(Woie2) _———=S~dHOT TST 8] | 8] 8 
Finnov | ReadHighto OutputVaid ——=SC~<C~“—~*~*~*—*~s TY TC BT PC TY 
Firtiaz | ReadHigh to OulputHighZ oie) ——=SCSCSC~C~rC<‘dCR] SP |] CO 
rw | Wille Cycle Time Wotes0)———SSSC=~CS~S~HLC*C | S*L HTC BO] CC 
twit | Write Low to Wite High weies 107 ———SSSCS~S~s Of BHT ew] eOT te) 
Ftwiwi| Wits Figh to End of Write Cycle (oies8, 76) ———SCSCSC~*dIBT Cd TOYO to] 8 f _ 
Prov | Data Valid to Write High Notes, 10) _—=SSCSC~r «dw NYS | tC OY 
Write High to Data Change (Notes 9, 10) ie Sa ee ee 
Fests | Reset Gycle Time (Notes 10,11) SSC~CS~S~«~O | MIN as || ao] | 
Fasut | Reset Low to Write Low (Notes 10,17) —Ss~=~CS~S~S S| NN [fc] | 
Write High to Reset High (Notes 10, 11) 150 KN BBA ere 
Favs | Read High to Reset High (Notes 10,11) ——=—S~id | af as | [20] [as] 
FisHwt | Reset High to Write Low (Noies 10,71) —=SsS=~S~S~R tO tO] to] | 8 
Piste, | Reset Lowto EmptyFiaglow_——SsS~S NRC TP OTC 
SN 
|tsiFH | ResetLowtoFullFlagHigh UWA NNN 5 Tt 45 | 85 || 30 || 28 | 
65] | 45] [3s] {| s0[ | 25] 













[tsta,__| Reset Low to Almost Empty/Full FlagLow  ~ \\\ P| 
: A 







<\ 
tRYRL tRLRH 
= tRLav LAr tRLoV 
. Kk we 
tRLaz mae NO# = t RHOZ = 
Qo-as <5 KO XO 
AL <Awiw. 
a Shaye tWHWL 
W Xe), 
. eee 
Do-De S 







KXKKKKAKKKKKKA 


TRHSH 


KKKRAKANKKKKKKKH 


tSLEL, tsLAL 


—COEE EEE EEE EEE EEE EEE EEE EE EEE EEE EE EEE ELE: 
tSLHH, tSLFH 


KKKKAKKKKKKKKKKKAKKKKKKKKKKKKKKKKKKAKKMAIGS 
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§12/1K/2K/4K x 9-bit FIFO with Flags + OE L8C2011/2021/2031/2041 





L8C2011/2021/2031/2041- 
| so | 635 | 25] ot 
Symbo! —_ Parameter [Min | Max | | Min | 




















| Min | Max | Min |Max | Min | Max | Min | Max 
Ftauov [Read LowteOupaVald | [so] || || |2| | 1] 
rust —| Read Lowto Empiy Fiaglow | | «|| | [25] | ao] | + 
Read Fighto Full lg High as 90 | as as a 
tWHEH | Write High to Empty Flag High | =| 45{ | 30] | as] | 25] | 25] 
Wits Low o Fl lag Low pasa es 0 8 
Feiranemit Cycle Time A 
Retransmit Low to End of Retransmit Cycle (Notes 10, 11) rs0{ | 35{ [| 25{ ff 20; [15] | 
Read/Write High to Retransmit High (Notes 9, 10, 11) fso0{ | 35| [25/ [20] fis] | 
Retransmit High to Read/Write Low (Note 10) 15 | | 10 | | | 8 | 


LAST WRITE IGNORED 





WRITES 


; ARS] 
A 
KOS ye 


SS 
LAST READ “READ FIRST WRITE ADDITIONAL | FIRST READ 


wr 


OUT > PCO 


tTLAL 
tTLTH 


KXKAKKAKAXKIF- | 


KKKKKKKKKKKKKKKKKKKKKKKKMKKKKKKK KOO _ FLAG VALID 
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5§12/1K/2K/4K x 9-bit FIFO with Flags + OE L8C2011/2021/2031/2041 




















L8C201 1/2021/2031/2041- 
| so. | 35 | 2 | 2 | 15 | 

Symbol Parameter iin | | Wn | ax | Wn [Wx [Wn | Main 
ieee) [esd ghia Flagg ae 
Tein | Read Puls With Ater Emp Faghigh |= [s[ [s, pa] [s 
waren White Figh to Empty Fag High a pst 
fur | Wite Low to Hal-Fall Fag Low} es Pas sf [aot 
Print| Read High to Hal-Fal Flag Heh | —[es| Pas hfs | [a0 | — 
Pei —| Wiite Pulse Wath Ater Full Flag igh Wie Ta)———[ So] [35] hes |_ fo —8 
Feta | Read High to Tranationing REF] Pes ao 
twLTA | Write Low to Transitioning AEF Tf o8 | AaB] NO 35 [| 30] 


o = 
eS 
SSA SAS AAAS AAS ASS SAA ASSN 





Sy 
We t FHWH 


(7/8 FULL) tRHTA (7/8 FULL) 
ALMOST-FULL (7/8 FULL + 1) 


tWLTA 


ALMOST-EMPTY (1/8 FULL — 1) (41/8 FULL) 
ALMOST-EMPTY (1/8 FULL - 1) 
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512/1K/2K/4K x 9-bit FIFO with Flags + OE L8C2011/2021/2031/2041 





| so. | 35 | 2s | 
Symbol _ Parameter Min | 





[Min | Max | Min | Max | Min |Max | Min | Max | Min | Max: 

Fta.on | ReadWte to Expansion OulLow Wei OT asl\ est | 0] | ts 
Finn | Read Wie to Expansion OutFigh ito) | 80] Lash [2s] | 20] [15] 
Peroni | Expansion in Pulse Width (Noes 10,12) [80 [gah —Pee[ [ao] is] J 
Expansion In High to Expansion In Low (Notes 10, 12) | | VY hg] Y| 10] | 10[ | 10] 
Fux. | ReadWte Low to Expansion Low Wes 1,12) [15 |_ Woy Nao] [ovo] 
F Ouipul Enable igh to Ouput High Z Disable) | KS Whi7{ 0] @] 0] wo] oO] 70] 

Ffo.az | Output Enable Low to Output LowZ (Enable) | o|WepsePi7 [0] 72] 0] 10] 0] 10 
Fto.av ~[ Output Enable Low fo Outpt Vaid (QoQ) Peet is to a0] 


WN 





WRITE TO 
LAST PHYSICAL 
LOCATION READ FROM 
LAST PHYSICAL 
LOCATION 


ps aa 


xl 
YS WRITE TO 
tALXL FIRST PHYSICAL 
= LOCA 
e TION ; READ FROM 
ALXL: FIRST PHYSICAL 
: LOCATION 
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5§12/1K/2K/4K x 9-bit FIFO with Flags + OE L8C2011/2021/2031/2041 





L8C201 1/2021/2031/2041- 





























Symbol _ Parameter [Min | Max | Min | Max | Min |Max | Min | Max | Min | Max, 
ftrleL | ReadLowtoEmptyFlagLow = Cid; S| BO || 0] 18 | 
[teHRH | Read Pulse Width After Empty FlagHigh [50] 85] | 25 | | 20] | 15 | 
|twHEH | WriteHightoEmptyFlagHigh Cs S| 80] | OS | | S| 
Read Low to Output Valid | | sof | ss] es] ao 15 | 
Write High to Output Low Z (Notes 14, 15) 4S | 10] eS SI ey | 
Read High to Full Flag High ee ee a ee 

twiFL__| Write Low to Full Flag Low | 45] coh as] | 20] | 18 | 
Write Pulse Width After Full Flag High rs0[ | abt Fea] [20] =f 1s[ | 
Data Valid to Write High [so] ep ey sy Oy 
Write High to Data Change PSE Norerwee  o o 

DATA IN oe 
ES 
Ww ~' 
WO ~a——_—_———— f EHRH 
EENANAAANNAAAN a is \ 
Shots tRLEL 
EF QAP LF 
SHEN} tRLav 
DATA OUT QRS SS 
z C 
= CZ 
LLY “LZ 





KC 
SES OX SS 

_ tRHFH 

: a ——— on 
DATA IN 


tRLav 


DATA OUT XX XD 
OE 





=I 





a) 
i 
iD 
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L8C2011/2021/2031/2041 


ss tne nnn ww [er 
Location Zero Location Zero 1 1 
Unchanged X X 
X X 


Reset 
Retransmit Location Zero 
Increment Increment 


Read/Write 
[INPUTS | INTERNAL STATUS 
[Re] S| estar weiner ar | vr 
Location Zero 1 
0 1 0 
X X X 


Reset First Device (1) Location Zero 
Reset All Others (1) | Location Zero Disabled Location Zero Disabled 
(1) X X 


Read/Write 





(1) See Depth Expansion Block Mose above 


(2) Unchanged. 
FIFO Products 
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512/1K/2K/4K x 9-bit FIFO with Flags + OE 





1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at—0.6 V. 
A current in excess of 100 mA is required to 
reach~2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


of +5.0 V, an ambient temperature Q 
and with nominal manufacturing 
ters, the operating supply g 
approximately 3/4 or less o 
values shown. 


6. Tested with outputs open and data in- 
puts changing at the specified read and 
wrtie cycle rate. The device is neither full or 
empty for the test. 


7. Tested with outputs open in the worst 
static input control signal combination (i.e., 
W, R, XI, FL, RS, and OF). 


8. These parameters are guaranteed but not 
100% tested. 


9. Test conditions assume input transition 
times of 5 ns orless, reference levels of 1.5 V, 
output loading for specified IOL and IOH 
plus 30 pF (Fig. 1a), and input pulse levels of 
0 to 3.0 V (Fig. 2). 
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10. Each parameter isshown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tRLRH is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 








11. When cascading devices, the reset puls 
width must be increased to equa z 
tsLHH. py 





vices and other vend 
together. The parts ar 








from ven- 
8s can only guar- 


, output disable time is less than 
enable time for any given device. 


. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter issampled and not 
100% tested. 


16. This productis a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 


operation of any device always provides71> 
data within that time. Gs : 






L8C02011/2021/2031/2041 


+5 V 
OUTPUT 


+5 V 
OUTPUT 
INCLUDING 


JIG AND 
SCOPE 


{| 










17. Both power and ground pins must be 
hooked up externally. The pads are not 
connected together on the die or package. If 
only one is connected, the device will not 
work! Pins 17 and 32 are the 1/O GND and 
internal ground respectively. 
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(0.6" wide) 


L8C2011PC 
L8C2021PC 
L8C2031PC 


or 
L8C2041PC 
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L8c2011KC , 50 
L8C2021KC + 35 
L8C2031KC } 25 


or 20 
Laczo4iKe L 45 


L8C2031KM 


L8C2011KM rf 50 

L8C2021KM t 35 
or 2 

L8C2041KM 


L8C2011KME , 50 
L8C2021KME 
L8C2031KME 


or 20 
L8C2041KME 


L8C2021KMB 
L8C2031KMB 


L8C2011KMB t 50 
or 
L8C2041KMB 





L8C2011/2021/2031/2041 


FIFO Products 


5/15/90 


64 x 4-bit FIFO 
64 x 5-bit FIFO 


L8C401/403 
L8C402/404 





Q First-In/First Out (FIFO) using 
Dual-Port Memory 
(J Maximum Shift Rate — 50 MHz 
Q Asychronous and Simultaneous 
Read and Write 
Q Fully Expandable by both Word 
Depth and/or Bit Width 
Q) Fast Bubble-Through Time — 16 ns 
1) Output Enable Available on 
L8C403 and L8C404 
Q) Plug Compatible with IDT7240x, 
Cypress CY7C40x 
QO Package Styles Available: 
© 16/18-pin Plastic DIP 
© 16/18-pin CerDIP 
* 16/18-pin Plastic SOIC 
¢ 20-pin Plastic LCC 
¢ 20-pin Ceramic LCC 


D4 
(L8C402 and 
L8C404 only) 


MASTER 
RESET 


ential ems 
—_—e = 
= = -_ 
= "I 
a = 
me “Swe “a 
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The L8C401, L8C402, L8C403, and 
L8C404 are dual-port First-In/First- 
Out (FIFO) memories. The FIFO 
memory products are organized as: 
L8C401 — 64 x 4-bit 
L8C402 — 64 x 5-bit 
L8C403 — 64 x 4-bit with OE 
L8C404 — 64 x 5-bit with OE 


Data is shifted into the FIFO through 
4-bit or 5-bit Data Input (Do-D3, D4) 
pins on the rising edge of the Shift In 


(SI) signal. The stored data stack up at 


the Data Output (Q0-Q3, Q4) pins ip 
the same order as it entered. When 
the Shift Out (SO) signal is LOW 
at the next to last word shifts to 
output while all other data‘shi 
one location in the sta 


als‘ate also used to provide a 
for cascading. 


WRITE POINTER 


MEMORY 
ARRAY 


READ POINTER 
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data 







Width expansion is accomplished by 
logically ANDing the Input Ready 
(IR) and the Output Ready (OR) 
signals to form composite signals. 


Depth expansion is accomplished by 
tying the data inputs of one device to 
the data outputs of the previous 
device. The Input Ready (IR) pin of 
the receiving device is connected to 








d the Output Ready (OR) 
sending device to the Shift 


pletely asychronous read and write 
pperations, allowing the FIFO to be 
used as data buffers between two 
digital systems of differing operating 
speeds. The 50 MHz data rate is ideal 
for high-speed communication and 
controller applications. 


Latchup and static discharge protec- 
tion is provided on-chip. The FIFOs 
can withstand an injection current of 


up to 200 mA on any pin without 


damage. 


OE 
(L8C402 and 
L8C404 only) 


Qo-Q3 


DATA-OUT 


Q4 
(L8C402 and 
L8C404 only) 


OUTPUT 


| | | CONTROL 


LOGIC 
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64 x 4- and 5-bit FIFO with and without OE L8C401/402/403/404 


Storage temperature —65°C to +150°C 


Operating ambient temperature —55°C to +125°C 
—0.5 V to +7.0 V 


~—0.5 V to +7.0 V 


-3.0 V to +7.0 V 
shabipeanadustosasadeoaaes 1.0W 


Mode etAmbrent Supply Voltage (Vcc) 
Active Operation, Commercial tKx0* 5.0 V+10% 
Active Operation, Military SON 5.0 V+10% 


og Sdaeadhs 


Symbol Parameter Test gonditiom\ > | Min | Typ | Max | Unit | 
[Vo | Output High Votage | J=SRaggrvoc=win—SSSSS~*di RY 
[vor | Ouputtowvorage —_ KlaZeogveo=min. | 
Pun [puttin Votge NY SSS~S~S~C 
fire | tputLeskege Gort SD GND<vinevoowines) «10 
fies | Output Shon Gueha | VouT= GND, Vor =Max (oe) =| 
Output Disabled (L8C403 and L8C404) 
Ioc Voc = Max., f = 10 MHz (Notes 5, 6, 13, 14) 


Input Capacitance Ambient Temp = 25°C, Vcc = 4.5 V 


CouT | Output Capacitance Test Frequency = 1 MHz (Note 8) 





a 
o 
iehlls 


3, 
> 


coeeal in a 
na”, = = 
a ——— a: 
ied 
oo 


See eee FIFO Products 


DEVICES INCORPORATED 
3-30 5/15/90 





64 x 4- and 5-bit FIFO with and without OE 


L8C401/402/403/404 














CONCEPT 

Unlike traditional FIFOs, these devices are designed using 
a dual-port memory, read and write pointer, and control 
logic. The read and write pointers are incremented by the 
Shift Out (SO) and Shift In (SI) respectively. The availabil- 
ity of an empty space to shift data into is indicated by the 
Input Ready (IR) signal, while the presence of data at the 
output is indicated by the Output Ready (OR) signal. The 
conventional concept of bubble through is absent. Instead 
the delay for input data to appear at the output is the time 
required to move a pointer and propagate an Output 
Ready (OR) signal. The Output Enable (OE) signal 
provides the capacity to OR tie multiple FIFOs together on 
a common bus. 


RESETTING THE FIFO 

Upon power up, the FIFO must be reset with a Master 
Reset (MR) signal. This causes the FIFO to enter an empty 
condition signified by the Output Ready (OR) signal being 
LOW at the same time the Input Ready (IR) signal is 
HIGH. In this condition, the data outputs (Q0- Q3, Q4) 
will be in a LOW state. 


SHIFT IN (SI) DATA 
Data is shifted in on the rising edge of the Shift In (SI) 


signal. This loads input data into the first word location of 


the FIFO. On the falling edge of the Shift In (SI) signal, t 
write pointer is moved to the next word position and th 
Input Ready (IR) signal goes HIGH indicating the readi- 


ness to accept new data. If the FIFO is full, the Input 
Ready (IR) will remain LOW until a word of data i 
shifted out. 

SHIFT OUT (SO) DATA 












Data is shifted out of the FIFO on the e 
Shift Out (SO) signal. This causes the 1 pointer 
to be advanced to the next word Jéeation: is 
present, valid data will appear x pute and the 
Output Ready (OR) signal will go} .¥f data is not 
present, the Output Read igual will stay LOW 
indicating the FIFO is e on tHe rising edge of 
Shift Out (SO), the Output Ready (OR) signal goes LOW. 
Previous data remains on the s}tput intl the falling edge 


of Shift Out (SO). 


BUBBLE THROUGH 

Two bubble through conditions exists. The first is when 
the device is empty. After a word is shifted into an empty 
device, the data propagates to the output. After a delay, 
the Output Ready (OR) flag goes HIGH indicating valid 
data at the output. 


The second bubble through condition occurs when the 
device is full. Shifting data out creates an empty location 
which propagates to the input. After a delay, the Input 
Ready (IR) flag goes HIGH. If the Shift In (SD signal is 
HIGH at this time, data on the input will be shifted in. 
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APPLICATION OF THE 25—50 MHz FIFOs 


Application of the FIFO requires attention to characteris- 
tics not easily specified in a data sheet, but necessary for 
reliable operation under all conditions. 


When an empty FIFO is filled with initial information, at 
maximum “shift.in” (SI) frequency, followed by immedi- 
ate shifting out of the data also at maximum “shift out” 
(SO) frequency, the designer must be aware of a window 
of time which follows the initial rising edge of the “output 
ready” (OR) signal during which the SO signal is not 
recognized. This condition exists only at high speed 
operation where more than one SO may be generated 
inside the prohibited window. This condition does not 
inhibit the operation of thé FIFO at full frequency opera- 
tion, but rather delays the full 25-50 MHz operation until 












n techniques to manage 
signals are recognized: 


‘ to inhibit or gate the SO activity. This, 

ires that the SO operation at least temporarily 
ed with the input SI operation. In synchronous 
icatior(s, this may well be possible and a valid solution. 


r solution not uncommon in synchronous applications 


.\Ano 
Ss only begin shifting data out of the FIFO when it is 


ter than half full. This is a common method of FIFO 
application, as earlier FIFOs could not be operated at maxi- 
mum a earch when near full or empty. Although Logic 
Devices FIFOs do not have this limitation, any system design 
in this manner will not encounter the window condition 
described above. 


3. The window may also be managed by not allowing the first 
SO signal to occur until the window in question has passed. 
This can be accomplished by delaying the SO from the rising 
edge of the initial “output ready” (OR) signal. This, however, 
involves the requirement that this only occurs on the first 
occurrence of data being loaded into the FIFO from any 
empty condition and therefore requires the knowledge of 
“input ready” (IR) and (SI) conditions as well as (SO). 

4. Handshaking with the OR signal can be a third method of 
avoiding the window in question. With this technique, the 
rising edge of SO, or the fact that the SO signal is HIGH, will 
cause the OR signal to go LOW. The SO signal is not taken 
LOW again, advancing the internal pointer to the next data, 
until the OR signal goes LOW. This assures that the SO pulse 
that is initiated in the window will be automatically extended 
sufficient time to be recognized. 

5. There remains the decision as to what signal will be used to 
latch the data from the output of the FIFO into the receiving 
source. The leading edge of the OR signal is most appropri- 
ate because data is guaranteed to be stable prior to and after 
the OR leading edge for each FIFO. This is a solution for any 
number of FIFOs in parallel. 


Any of the above solutions will provide a solution for 
correct operation of a Logic Devices’ FIFO at 25-50 MHz. 
The specific implementation is left to the designer and 
dependent on the specific application needs. 
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64 x 4- and 5-bit FIFO with and without OE L8C401/402/403/404 














| 15 (MHz) | 20 (MHz) | 25 (MHz) | 35 (MHz) | 50 (MHz) _ 
Symbol__ Parameter [Min | Max | Min | Max | Min |Max | Min | Max | Min | Max_| 
|fo___| Operating Frequency (inMHz)(Note17) CT] S| 1S | | 20] | | | 35] | 501 
|twHwe | ShiftInHighto ShittInLow(Noteio) == ss tt | tt] tt | | 8 | 
| twiwH | ShiftInLowto ShiftInHigh(Note1c) = “sass || oh | 7 tt 
| twiFH | ShiftInLowtolnputReadyHigh ss (“$< si s—‘(LSSCédTSC« | S| 985 { | ee | | 20] | 18 | 
ftw | Shift InHighto input ReadyLow—=—s——SSSSC«dT~=S=«d; | sf ef | at || te] ‘| 8 | 
twHpv_| ShiftInHightoDataValid(Note10) CC | | OT ts] 3 
| tovwH | Data ValidtoShiftInHigh(Noteto) =ss | || Co] CT Co] | of Cf of 
| tRHAL | Shift OutHigh to Shift OutLow(Note1o) st | OT tt] CL tt | | | 
|tALRH | ShiftOutLowtoShiftOutHigh «S| |e | 7 tt | 
Shift Out Low to Output Ready High | [ 4o{ feoal\\ [34] [20] | 18) 
Shift Out High to Output Ready Low || 35 | Hee A] 19 | ta | 18 | 
| tatav__| Shift Out Low to Output Valid(NextWord) | S| SY S| OY] a5 || a5 | 17 | 
Shift Out Low to Output Change (Previous Word) (Note 10) rs5{ NVN 5/ ] 5[ [5] | 

22> 
aN 









1/fo 








SHIFT IN 
Wik NE tWLFH 


INPUT READY 







tWHFL 


tWHDV ZN Da 
<< #} OGL OL GEE CCG LELD, 


V 





DATA IN 





We 
? 
SHIFT OUT XK 


OUTPUT READY 
tRLOX tOQVEH 
DATA OUT EXKXKMK CK KKK 


ns 
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64 x 4- and 5-bit FIFO with and without OE L8C401/402/403/404 








[15 (MHz) | 20 (MHz) | 25 (MHz) | 35 (MHz) | 
Symbol Parameter [Max | Min | Max | 























Min | Max | Min [Min | Max | Min | Max_| 

tMLMH Master Reset Low to Master Reset High (Notes 10, 11) [25]; | 2s{ [25/ [e25{ feof | 
Master Reset Low to Input Ready High | | 35] =| 35h, 6] 35{ | 28{ | 28) 
Master Reset Low to Output Ready Low fF {| 85) ff 88 jf 35] f 28] Cf 28 | 
TtMHWH | Master Reset High to Shift In High (Note 10) f25| | 2ie~Nyo/| [10/ [10] | 
Master Reset Low to Output Low or Zero f | 38 | ARO TN 28] [20] | 20] 
Output Enable High to Output High Z (Notes 15, 16) | | abe Peal | i5{ | 12] | 12] 
Output Enable Low to Output Valid (Notes 15, 16) fT 80 NYY aj 207] 18 | | 12 | 












MASTER RESET 









INPUT READY 







OUTPUT READY 


SHIFT IN 







DATA OUT 


toHoz toLov 
DATA OUT 
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64 x 4- and 5-bit FIFO with and without OE L8C401/402/403/404 






= L8C401/402/4 
| 15 (MHz) | 20 (MHz) | 25 (MHz) | 35 (MHz) | 50 (MHz) | 
Symbol —_ Parameter Min | Max | Min [Max | Min |Max | Min | Max | 














| Min | Max | 
[tar | BubbleThroughTime = CT | | AO] || 16 | 
Output Ready High to Output Ready Low (Note 18) | 9{ | 9] [9] | 9} [9] | 
Output Valid to Output Ready High Ee ae Eo Wa 
Input Ready High to Input Ready Low (Note 18) fof | 97 lel | 9] [9] ] 
Data Valid to Input Ready High (Note 10) PSs{ | SNS OT 3 8 | 
Input Ready High to Data Valid (Note 10) P30 | 26 YL | 207] 18] 13] 










SHIFT IN 







SHIFT OUT 







OUTPUT READY 





DATA OUT 


SHIFT OUT 









SHIFT IN 






INPUT READY 


tDOVFH tFHOV 
DATAIN . a 
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64 x 4- and 5-bit FIFO with and without OE 


L8C401/402/403/404 





1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. ‘Typical’ supply current values are not 
shown but may be approximated. Ata VCC 
of +5.0 V, an ambient temperature of +25°C 
and with nominal manufacturing parame- 
ters, the operating supply currents will be 
approximately 3/4 or less of the maximu: 
values shown. 


6. Tested with outputs open and 

puts changing at the specified_re 

wrtie cycle rate. The device is r 
empty for the test. 


7. Tested with outputs open ithe worst 
static input control signal combinatfon. 


8. These parameters are guaranteed but not 
100% tested. 


9. Test conditions assume input transition 
times of 5 ns orless, reference levels of 1.5 V, 
output loading for specified IOL and IOH 
plus 30 pF (Fig. 1a), and input pulse levels of 
0 to 3.0 V (Fig. 2). 


10. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 


iced in wn 
_——. a 
— oT a. 
= sao I 
SE Wo oe 
= <a 


=—_ = 
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tRHRL is specified as a minimum since the ex- 
ternalsystem mustsupply atleast thatmuch 
time to meet the worst-case requirements of 
all parts. Responses from the internal cir- 
cuitry are specified from the pointof view of 
the device. Access time, for example, is 
specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


11. When cascading devices, the reset pulse 
width must be increased to equal tMimH + 
tMLEL. 


12. It is not recommended that Logic De- 
vices and other vendor parts be cascaded 
together. The parts are designed to be pin- 
for-pin compatible but temperature and 


dor to vendor. Logic Devices can only giha 
antee the cascading of Logic Device: 
other Logic Devices parts. 


13. Tested with output open 
mum capacitance. OE is high fo 
and L8C404. 


14. Icc of devices 
cies can be calcula 
equation: 


Commerc 
Icc = 35m 


n, output disable time is less than 
t enable time for any given device. 


16. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter issampled and not 
100% tested. 


17. This productisa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 


+5 V 
OUTPUT 
INCLUDING 


JIG AND 
SCOPE 
















INCLUDING 
JIG AND 
SCOPE 

























18. The user must be aware that there is no 
true minimum value for teHeL and trHFL. 
These pulses may beslight during high load 
under certain operating conditions and lot 
variations. 
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64 x 4- and 5-bit FIFO with and without OE L8C401/402/403/404 


16-pin 


16-pin 
(0.3" wide) 


(L8C403 


(L8C403 = OE) NC 
IR 
SI! 
Do 





Plastic SOIC 
(0.300" — U4) 


15 
Lec4ao1Kc + 20 


15 
L8C401PC L8C401CC -+- 20 L8C401UC 
25 2 or 25 
L8C403KC - 35 


or or or 
L8c403PC L8C403CC | 35 L8C403UC 
50 50 


15 1 
L8C401CM | 20 L8C401KM : 20 
or 25 or 
L8c403CM L8C403KM 


: 15 
sana os E L8C401KME | 20 
or 
L8c4030M E L8C403KME 


1 

L8C401KMB | 20 
or 

L8C403KMB 
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64 x 4- and 5-bit FIFO with and without OE L8C401/402/403/404 


18-pin 18-pin 
(0.3" wide) 
(L8C404 = (L8c404 = 














Plastic SOIC 
(0.300" — U5) 


L8C402PC L8C402CC L8C402UC 5 L8Cc402KC 
or or or or 
L8C404PC L8C404CC L8C404UC L8C404KC 


or 
L8C404KM 


6] v 15 
L8C402CM c L8C402KM ie 


or 25 25 
L8C404cM L435 35 


16 
L8C402KME 20 


L8C402CME + 20 
5 or 25 
L8C404KME 35 


or 
L8C404CME 


15 
L8C402KMB t 20 


or 25 
L8C404KMB | 35 
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64 x 5-bit FIFO with Flags 


L8C413 





Q First-In/First Out (FIFO) using 
Dual-Port Memory 

{) Maximum Shift Rate — 45 MHz 

{4 Asychronous and Simultaneous 


The L8C413 is a dual-port 64 x 5-bit 
First-In/First-Out (FIFO) memory. In 
addition to the industry standard 
handshaking signals, Almost Full/ 
Almost Empty (AF/E) and Half Full 


Read and Write (HF) fl ided. AF/Ei 
ags are provided. is 
Oo alee ae Werd HIGH when the FIFO is almost full or 


almost empty. Otherwise, AF/E is 
LOW. HF is HIGH when the FIFO is 
half full, otherwise HF is LOW. The 


(4 Fast Bubble-Through Time — 16 ns 
QO Cascadable by Word Depth at 


25 MHz and 35 MHz FIFO accepts data inputs (Do-D4) 
Q Half Full and Almost Full/Empty —_ under the control of Shift In (SI) signal 
Status Flags when the Input Ready (IR) control 


signal is HIGH. The data is output i 
the same order as it was stored on th 
data output pins (Q0-Q4) und 
control of the Shift Out (GQ\i 


{) Plug Compatible with IDT72413 
() Package Styles Available: 

¢ 20-pin Plastic DIP 

¢ 20-pin CerDIP 

* 20-pin Plastic SOIC 

¢ 20-pin Plastic LCC 

¢ 20-pin Ceramic LCC 








HIGH. If the FIFO is 
pulses at the S] in 
When the FIFO i 


pulses at the SO i 
Cascading@\h 

(wider wordsj r vertically or both 
c accomplished by use of the IR 
6 


ins//Parallel expansion for 


WRITE POINTER 


MEMORY 
ARRAY 


READ POINTER 
| veanromren |b 


mace 


MASTER 
RESET 
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wider words is done by logically 
ANDing the IR and OR outputs 
respectively of individual FIFOs 
together. This ensures that all FIFOs 
are either ready to accept more data 
(IR = HIGH) or ready to output data 
(OR = HIGH) and thus compensate 
for variations in propagation delay 
times between devices. Serial expan- 
sion fek deeper FIFO words is possible 
r the 45 MHz standalone 








is designed with com- 
asychronous read and write 

erations, allowing the FIFO to be 

ed as data buffers between two 
digital systems of differing operating 
speeds. The 45 MHz data rate is ideal 
for high-speed communication and 
controller applications. 


e 


Latchup and static discharge protec- 
tion is provided on-chip. The L8C413 
can withstand an injection current of 
up to 200 mA on any pin without 
damage. 


ALMOST 
FULL/EMPTY 
HALF FULL 


DATA-OUT rae. Qo-Q4 


OUTPUT 
CONTROL 
LOGIC 
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64 x 5-bit FIFO with Flags L8C413 


Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground -—0.5 V to +7.0 V 
DC voltage applied to outputs in High Z state -—0.5 V to +7.0 V 
DC input voltage ~3.0 V to +7.0 V 
POWOr DISSIDAUOM ssssdssesievadsssca poses cabuvessssstakesussee estes sxsaubecatvnupessachouivenccuaicypcavweesuundnevccduaat le Manuontecsseamaavaniiaeenenevees 1.0W 


Active Operation, Commercial G 5.0 V+10% 
Active Operation, Military ax! xe 5.0 V410% 


EES oS De ae 


i Biss : 48S S 

Pot emer Tons) 
[Won [Guput igh Votage | ong AOmAYS= Min —SSSCS~*~s YC 
Output Low Voltage | Al = 20. 07 Vcc = Min. (Qo—Q4) Ee alle 5 | 

_Nev8,oniA , Voc = Min. (IR, OR, HF, AF/E) 
[vir | iputtighVowaos ZN 
5 
[put eakagcEupbit PGND SVsVoo(Nee 


Output Leakage Current GND < VouT s Vcc, Vcc = 5.5 V 
Output Disabled 


Vcc Current Vcc = Max., f = 25 MHz (Notes 5, 6, 12, 13) 
Input Capacitance Ambient Temp = 25°C, Vcc = 4.5 V 
CouT | Output Capacitance Test Frequency = 1 MHz (Note 7) 


Mode Temperature Range ‘ bie ™ Supply Voltage (Vcc) 
C 








° 
+ + 
3 8 


mee 135 1<[<]<[<|<] 


Q 
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64 x 5-bit FIFO with Flags L8C0413 





L8C413 ARCHITECTURE RESETTING THE FIFO 


The L8C413 FIFO consists of an array of 64 words of 5 bits | Upon power up, the FIFO must be reset with a Master 
each (which are implemented using a dual port RAM cell), | Reset (MR) signal. This causes the device to enter the 

a write pointer, a read pointer, and the control logic empty condition, which is signified by the OR signal 
necessary to generate the handshaking (SI/IR, SO/OR) being LOW at the same time that the IR signal is HIGH. 
signals as well as the Almost Full/Almost Empty (AF/E) _In this condition, the data outputs (Q0-Q4) will be LOW. 
and the Half Full (HF) flags. The handshaking signals The AF/E flag will be HIGH and the HF flag will be 
operate in a manner identical to those of the industry LOW. 


standard L8C401/402/403/404 FIFOs. 
SHIFTING DATA INTO THE FIFO 


BYVAL PORT RAM The availability of an empty location is indicated by the 
The dual port RAM architecture refers to the basic mem- HIGH state of the Input Ready (IR) signal. When IR is 
ory cell used in the RAM. The cell itself enables the read HIGH, a LOW-to-HIGH transition on the Shift In (SI) pin 
and write operations to be independent of each other, will load the data on D4 inputs into the FIFO. 
which is necessary to achieve truly asychronous operation 70 9R output o LOW, indicating that the data 
of the inputs and outputs. A second benefit is that the aa 
: : H-to-LOW transition of the SI 

time required to increment the read and write pointers is a 

; ; W-to-HIGH transition of the IR 
much less than the time that would be required for data to F/E flag and the HF flag if the FIFO 
propagate through the memory, which would be the case < 46 8 
if the memory were implemented using the conventional 
shift register architecture. 


BUBBLE-THROUGH AND FALL-THROUGH 














TA OUT OF THE FIFO 


ilability of data at the outputs of the FIFO is 
ed by the HIGH state of the Output Ready (OR) 





The time required for data to propagate from the input to 
eee . : . After the FIFO is reset, all data outputs (Q0-Q4) 
ue ty aig a emby EiO eS deaned=s ill be in the LOW state. As long as the FIFO remains 
8 ; empty the OR signal will be LOW and all Shift Out (SO) 


pulses applied to it will be ignored. After data is shifted 
into the FIFO, the OR signal will go HIGH. The external 
control logic (designed by the user) should use the HIGH 
state of the OR signal to generate the SO pulse. 


The time required for an empty location to 
the output to the input of an initially ful 
as the Bubble-Through time (tBT). 






The maximum rate at which data 


the FIFO (called the seal te AF/E AND HF FLAGS 


Two flags, Almost Full/ Almost Empty (AF/E) and Half 
Me Full (HF), describe how may words are stored in the FIFO, 
The conventional definitions  fall-through and bubble- AF/E is HIGH when there are eight or less, or 56 or more, 
through do not apply to the L8Q413 FIFO because the data words stored in the FIFO. Otherwise the AF/E flag is 

is not physically propagated through memory. The read = LOW. HF is HIGH where there are 32 or more words 

and write pointers are incremented instead of moving the stored in the FIFO, otherwise the HF flag is LOW. Flag 
data. However, the parameter is specified because itdoes transitions occur relative to the falling edges of SI and SO. 
represent the worst case propagation delay for the control 
signals. That is, the time required to increment the write 
pointer and propagate a signal from the SI input to the OR 
output of an empty FIFO or the time elke to increment HF APE WORDS STORED — 
the read pointer and propagate a signal from the SO input 
to the IR output of a full FIFO. 
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64 x 5-bit FIFO with Flags L8C413 





Fis (uz) | 30 (Me) | 25 (MH) | 35 (lane) | 45 Guia) 
symbol__ Parameter iain [Max | tin [Max Min [Rex [Main Max [| Max 
[fo___| Operating Frequency (MHz) (weigh ——SSCS~dCSC*«dtCS || | fas} | os] 
ewan | Shit InHigh toShit InLow (Notoa) —=SSSS=~i Tt] fa] | 8] | | 
rwiwi | Shit now to Shit in igh (Now) SSS | 20] peo) pa] a 
[twirH | Shit in Low to nput ReadyHigh ——*+| | 36] | ee| [ast [aol |i 
rewrru | Shit In Highto input ReadyLow —=—=S=~SY is | | a | if a] | te | (| | 
|twHov | ShiftInHightoDataValid(Note9) C= || S| | OO S| 13] 
fOvwH _| Dala Valid to Shit imHigh (Notes) ——S~Ss STP of of ol 
Pius [ ShitinLowtoAF@High —=S=S=*=“~*~*~*~*~rC*‘iCECSP | TC CL 
rewal | Shit in LowtoAFELow ——~—S=~S~SS a PP a || ew] 
twusti_| Shittin Low to Half Fiag High _————SdS*d a | | ao | a8 || ee [| 28 










SHIFT IN 


INPUT READY 






(FIFO CONTAINS 8 WORDS) aS 
tof SB 
| smor—) ——— 7 Pet 
CR KOO eK KKK MKDQOO 


TIS’ tWial 


DATA IN 





4 s<—_—-—___—§<A/fo 
SHIFT IN PN OAIFAINS 31 WORDS) as 


tWLFH 


INPUT READY Y Y 
 <O/- eeeel e 
, RNS CK KKKKKMK KK KKK KX 


DATA IN <a x ras KAKA 


AF (Lo 


XO tWLHH 
Deis teat ee 


+ _—-____4/f‘o —_—_————1/fo 


SHIFT IN (FIFO CONTAINS $5 WORDS) 
tWLFH 
INPUT READY 
ee a ee ee 


DATAIN CORK KKKKKMK KKK RROOOO 


HF (HIGH) 
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64 x 5-bit FIFO with Flags L8C413 





5 (wz) | 20 (MHz) | 25 (wz) | 95 (MR) | 45 (wD) 
Symbol __Perameter Min | Max | Min [Max [Min [Mex | Min | Max | Min | Max 
[10 | Operating Frequency (nMHz) Wowie) ———S~=~sSCizA | | eo] sf || | 
Peruri | Shit Out High to Shift GutLow (Notes) ———=S=SC=~C~isTSCsdC | PT CT ft | 8 
Fania | Shift OutLow to Shit OutHigh —_——S—SSCSSCSCS~ BY |e aa 
Firic | Shift Out Low'o Output RleadyAigh—=S~=~—~:SC‘dt YC |] COT 
Fanitet | ‘Shift Out Figh fo Oulpul Readylow | | 38] | #8, | 19| | ta |__| 18 | 
Fsncav | Shift Out Low to Output Valid (New Word) | | 25| | a5, | 20] ao} [47] 
Faniox | Shift Out Low to Output Change (Previous Word) oie | 5] | 8] | s{ | s/ | 3] | 
Fraven | Output Valid to Output Ready High Noos) —=S=SSsSSC*P | | of | of | of | o| | 
tat | Shit OutLowtoAFEHgh ——SSSCS~—~sSC‘d BT LTCC 
tai. | Shit OutLowto AFELow ——S~CS~S Sid a |) AO | 
taunt | Shift Out Low to Half Flaglow i a aes | 28 | 2 | 





_—_—_-—1/fo a Gis 
SHIFT OUT FR wonDs| ox Be Coe ad 


t \Ws vy, 
OUTPUT READY — = LW Ney, LEH 
a — Ae = tQVEH 
ies T KX XIOK Sa KOO 


tRLOX wd 


— WSF 
ses QXr,7v tRLAH 





QR 


IF RDS) 
ELMO NE LA ae eaataes 
OUTPUT READY i ae, | — 
WS el te 
DATA OUT <P SE CXMKXMK dL KKK 


ZN 
tRLOX pe 


tRLHL 
HF Y 


AF/E _ (LOW 


‘ito —_————1/fo 


SHIFT OUT SWORDS) 


~«———— tRLEH 


OUTPUT READY ay, 
KKK KKK 


RLOX tRLAL = 


(HIGH) 


DATA OUT 
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64 x 5-bit FIFO with Flags L8C413 






| 15 (MHz) | 20 (MHz) | 25 (MHz) | 35 (MHz) | 45 (MHz) | 
Symbol __ Parameter Min | Max | Min [Max [Min [Max | Min | Max | Min | Mex. 
|tuumH_| Master Reset Lowto Master Reset High (Notes9,10) | 25 | | 25{ | 25 | | 25( | 20] 
[mur [Master Reset LowtoinputReadyHigh |= «f | S| ae] C[ aa] | 8 
[wtet [Master Reset Lowto OulputReadyLow ——SSC«dTSi«; BY BL CL OBL BBY | 28 
[tunwi | MasterResetHighto Shift n High (Notes) ———SSSS=«dB | «| BOT «| HOT [tol fol 
[ma | MasterResetLowto OutputLoworzero || || SOL [aay ao T | 20] 
twit | Master ResetLowtoHallFlaglow ——SSSSCSC=~SCi‘“(R ABYC ABYC AO BBY 
twlaH | MasterResetLowtoAFEHigh S| =i aT | BT [AO | 2a] | 8 
[tonaz | Output Enable High to Output High Z (Notes 14,18) =| «| | «| POL, PST ey | ae 
Ftovav | Output Enable Low to Output Valid (Notes 1415) | | 90] | @5\\_ [20] || | 12 

£—\\ 







MASTER RESET 


INPUT READY 







OUTPUT READY 






SHIFT IN 







DATA OUT 







HF 





tOHaz toLav 


DATA OUT 


EMPTY 
1 2 


8 
SHIFTIN [LI-L... 


HF 
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L8C413- 

20 (MHz) | 25 (MHz) 45 (MHz) 

Symbol Parameter [Min | Max | Min | Max | Min | Max | Min | Max { Min | Max 
Fest | Bubble ThrouhTime | {est [ss] [| [28] 116] 
Output Ready High to Output Ready Low (Note 17) ef ep a Se oe | 
Guipit Valid Ouput Ready High > ET 6 
Input Ready High to Input Ready Low (Note 17) Fo] {| gf let 7 9] f[ 9] | 
Data Valid to Input Ready High (Note 9) Ze eee ee eee Eee 
input Ready High to Data Valid (Note 9) p30 |) 28 lL] 207] 15] J 13] 










SHIFT IN 







SHIFT OUT 







OUTPUT READY 








DATA OUT 







SHIFT OUT 







SHIFT IN 





INPUT READY 


FULL 
64 63 56 55 54 


sHiFTouT [LI L... 
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64 x 5-bit FIFO with Flags 


L8C413 





1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order toavoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach~2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. 'Typical' supply current values are not 
shown but may be approximated. Ata VCC 
of +5.0 V, an ambient temperature of +25°C 
and with nominal manufacturing parame- 
ters, the operating supply currents will be 
approximately 3/4 or less of the maximu 
values shown. 


6. Tested with outputs open and 
puts changing at the specifie 
wrtie cyclerate. The device is 
empty for the test. 


but not 


7. These parameters are guaran 
100% tested. 


8. Test conditions assume input transition 
times of 5 ns or less, reference levels of 1.5 V, 
output loading for specified IOL and IOH 
plus 30 pF (Fig. 1a), and input pulse levels of 
0 to 3.0 V (Fig. 2). 


9, Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
twLwu is specified as a minimum since the 
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external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. For example, twirH is 
specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


+5 V 
OUTPUT 


INCLUDING 
JIG AND 


10. When cascading devices, the reset pulse SCOPE 
width must be increased to equal tMzMH + 


tMLEL. 





11. It is not recommended that Logic De- 
vices and other vendor parts be cascaded 
together. The parts are designed to be pin- 
for-pin compatible but temperature and 
voltage compensation may vary from ven- 










antee the cascading of Logic Devices parfs{s 
other Logic Devices parts. 






INCLUDING 
JIG AND 
SCOPE 






12. Tested with output open and 
mum capacitance. OE is high’ 







13. Ice of devices runni 
cies can be calculated 
equation: 


Commercial: 
Icc = 70 f —25 MHz]) 
Military: 
= 80 mA mA x [f — 25 MHz]) 





temperature and voltage 
tput disable time is less than 
ble time for any given device. 


17. The user must be aware that there is no 


\ansition is measured +200 mV from 

dy state voltage with specified loading 
in Fig. 1b. This parameter issampled and not 
100% tested. 


16. This productis a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 


true minimum value for tEHEL and tFHFL. 
These pulses may beslight during high load 
under certain operating conditions and lot 
variations. 
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20-pin 
(0.3" wide) 








Speed Plastic DIP CerDIP 
(MHz) (P6) (C2) 
to 


L8C413PC15 


L8C413CM15 
re 20 

a a 25 

35 
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Plastic SOIC 
(0.300" — U3) 


L8C413UC15 
a a 20 
a a 25 
a a 35 
is " 45 
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Plastic Leaded Ceramic Leadiless 
Chip Carrier (J7) Chip Carrier (K8) 


Lae4i3JC15 L8C413KC15 

a 20 a a 20 
" 25 7 "25 
" 35 s « 35 
* 45 7" 45 


L8C413KM15 
* J 20 

a 9 85 
35 


L8C413KME15 
" 20 

" 25 

35 


L8C413KMB15 
a a 20 
a a 25 
a a 35 
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ly | 
(ii) < 
HWiny 9 
(ys 
i] 3) 
(id) 
ul? |} 
null] z 





Q First-In/First Out (FIFO) using 
Dual-Port Memory 
O Maximum Shift Rate — 45 MHz 
( Asychronous and Simultaneous 
Read and Write 
Q Fully Expandable by both Word 
Depth and/or Bit Width 
Q Fast Bubble-Through Time — 16 ns 
[ Cascadable by Word Depth at 
25 MHz and 35 MHz 
Q Half Full and Almost Full/Empty 
Status Flags 
(3 Plug Compatible withCypress 
CY7C408/409 
QO Package Styles Available: 
¢ 28-pin Plastic DIP 
¢ 28-pin CerDIP 
¢ 28-pin Plastic SOIC 
* 28-pin Plastic LCC 
¢ 28-pin Ceramic LCC 


pe-pr [__ > 
(L8C408) 


DATA-IN 


MASTER 
RESET 


Do-De 
(L8C409) 
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The L8C408 and L8C409 are dual-port 
First-In/First-Out (FIFO) memories 
organized as 64 x 8 (L8C408) and 

64 x 9 (L8C409). In addition to the in- 
dustry standard handshaking signals, 
Almost Full/Almost Empty (AF/E) 
and Half Full (HF) flags are provided. 
AF/E is HIGH when the FIFO is 
almost full or almost empty. Other- 
wise, AF/E is LOW. HFis HIGH 
when the FIFO is half full, otherwise 
HF is LOW. The FIFO accepts data 
inputs (Do-D7, Ds) under the control 
of Shift In (SI) signal when the Inp 
Ready (IR) control signal is HIGH. 
The data is output in the same 

as it was stored on the dat 


FIFO ise 
the SO in 


Cascading the $FO horizontally 

OM oes or vertically or both 

wiles a plished by use of the IR 
nd O 


WSs ins. Parallel expansion for 


WRITE POINTER 


= DATA-OUT 


READ POINTER 
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wider words is done by logically 
ANDing the IR and OR outputs 
respectively of individual FIFOs 
together. This ensures that all FIFOs 
are either ready to accept more data 
(IR = HIGH) or ready to output data 
(OR = HIGH) and thus compensate 
for variations in propagation delay 
times between devices. Serial expan- 
sion fox deeper is accomplished by 













following (downstream) FIFO. 


e L8C408 and L8C409 are designed 
th completely asychronous read 
and write operations, allowing the 
FIFO to be used as data buffers be- 
tween two digital systems of differing 
operating speeds. The 45 MHz data 
rate is ideal for high-speed communi- 
cation and controller applications. 


Latchup and static discharge protec- 
tion is provided on-chip. The L8C408 
and L8C409 can withstand an injec- 
tion current of up to 200 mA on any 
pin without damage. 


ALMOST 
FULL/EMPTY 


HALF FULL 


= 


Qo-Q7 
(L8C408) 


Qo—Qs 
(L8C409) 


OE 

(L8C408) 
OUTPUT OR 
CONTROL 


LoGic |}«——— SO 
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64 x 8- and 9-bit FIFO with Flags + OE L8C408/409 


Storage temperature .1. ~65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground —0.5 V to +7.0 V 
DC voltage applied to outputs in High Z state —0.5 V to +7.0 V 


DC input voltage -3.0 V to +7.0 V 
Power DISSIDAUOID ys suiscescicssusuideousavoassnetssadesnessstetonenedansvadeéesosndsoneouoensaueqa teilssadsiasGoseonsuntesd dp Mndsavasidsscesasavesbasenacsoudt 1.0W 














halectel : 
Mode Temperature Range fArobie vs Supply Voltage (Vcc) 
Active Operation, Commercial aN 5.0 V+10% 


Active Operation, Military °C 5.0 V+10% 







Symbol Parameter 


Fvou | Ouputtow Votage [9h BwwAcc=min. —=SSSC~«dSCiédtSsédt Ow V 
Input High Voltage BING. 2 ne el eo eon 
Pi. [nputtow Votags LW SSS*~*~wBOY?SC*d 
[ix [ inputLeskage GumeaNX/ GHD <VwreVoo(iees) 
Ouiput Shon Regd? “P Vout = GND, Veo = Max. Wee —_—| 


z= 
= Ma. i 
Output Disabled -50 
ee ea 
an ee 
ee ak 


K< 


< 


2 [25] <l<; 


lec Voc = Max., f = 25 MHz (Notes 5, 6, 12, 13, 18) 
Input Capacitance Ambient Temp = 25°C, Vcc = 4.5 V 
CouT | Output Capacitance Test Frequency = 1 MHz (Note 7) 


me) 
mn 


uo) 
mn 
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L8C408 and L8C409 ARCHITECTURE RESETTING THE FIFO 


The L8C408 and L8C409 FIFOs consists of an array of 64 Upon power up, the FIFO must be reset with a Master 
words of 8 and 9 bits each (which are implemented using a Reset (MR) signal. This causes the device to enter the 
dual port RAM cell), a write pointer, a read pointer, and empty condition, which is signified by the OR signal 
the control logic necessary to generate the handshaking being LOW at the same time that the IR signal is HIGH. 
(SI/IR, SO/OR) signals as well as the Almost Full/Almost _In this condition, the data outputs (Q0-—Q7, Q8) will be 
Empty (AF/E) and the Half Full (HF) flags. The hand- LOW. The AF/E flag will be HIGH and the HF flag will 
shaking signals operate in a manner identical to those of be LOW. 3 
the industry standard L8C401 /402/403/404 FIFOs. 
SHIFTING DATA INTO THE FIFO 


DUAL PORT RAM . The availability of an empty location is indicated by the 
The dual port RAM architecture refers to the basic mem- HIGH state of the Input Ready (IR) signal. When IR is 
ory cell used in the RAM. The cell itself enables the read HIGH, a LOW-to-HIGH transition on the Shift In (SI) pin 
and write operations to be independent of each other, will load the data on D7,D8 inputs into the FIFO. 
which is necessary to achieve truly asychronous operation a1 output o LOW, indicating that the data 
of the inputs and outputs. A second benefit is that the Me 

: : ; ; ‘ ; has been samp H-to-LOW transition of the SI 
time required to increment the read and write pointers is ' ae 

; : W-to-HIGH transition of the IR 

much less than the time that would be required for data to F/E fl d the HF flag if the FIFO 
propagate through the memory, which would be the case € se aa ag . 
if the memory were implemented using the conventional 
shift register architecture. 













TA OUT OF THE FIFO 


BUBBLE-THROUGH AND FALL-THROUGH ilability of data at the outputs of the FIFO is 
by the HIGH state of the Output Ready (OR) 


The time required for data to propagate from the input to : 

the output of an initially ne FIFO is defined as i peilter he pee isteee! all dataoulputs 

Through time (ta1). 0-Q7, Qs) will be in the LOW state. As long as the 
FIFO remains empty the OR signal will be LOW and all 

Shift Out (SO) pulses applied to it will be ignored. After 

data is shifted into the FIFO, the OR signal will go HIGH. 

The external control logic (designed by the user) should 

use the HIGH state of the OR signal to generate the SO 

pulse. 


empty) and ad AF/E AND HF FLAGS 
Two flags, Almost Full/ Almost Empty (AF/E) and Half 


The time required for an empty location to 
the output to the input of an initially 
as the Bubble-Through time (tBT). 







the FIFO (called the throughpud 
through time when it is em es 







The conventional definitiorts ¢ fall-through and bubble- Full (HF), describe how may words are stored in the FIFO, 
through do not apply to the L8Q408 and L8C409 FIFOs be- AF/E is HIGH when there are eight or less, or 56 or more, 
cause the data is not physically propagated through words stored in the FIFO. Otherwise the AF/E flag is 
INEMIOEY: The z ead and write pointers are incremented LOW. HFis HIGH where there are 32 or more words 
instead of moving the data. However, the parameter is stored in the FIFO, otherwise the HF flag is LOW. Flag 


specified because it does represent the worst case propa- transitions occur relative to the falling edges of SI and SO. 


gation delay for the control signals. That is, the time 5 
| HF | AF/E | WORDS STORED 


required to increment the write pointer and propagate a 
signal from the SI input to the OR output of an empty 
FIFO or the time required to increment the read pointer 
and propagate a signal from the SO input to the IR output 
of a full FIFO. 


L 
L 
H 
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64 x 8- and 9-bit FIFO with Flags + OE L8C408/409 





Symbol Parameter 


iain | Max 
Operating Frequency (nM) teie ied | 
ruc | Shift in Highto Shift in Low (Notes) SSCS 
uw] Shifti-Low to Shit in High Note9) dS 
ten | Shifrin Lowi input Ready High SSC 
urt_| Shiftin High to Input ReadyLow ———S~S~s=*d 
/30 | 
Prop 
Pa 
Pas 
= eas 


HDV 
LAH 
LAL 


LHH Shift In Low to Half Flag High 


RREREVEREP 
= 







SHIFT IN 





INPUT READY 







(FIFO CONTAINS 8 WORDS) rs 
fst ens tWLFH 
| sme) ———~_ Pod 
CR KK KOKO KK KKKMYD 
A SSS tWLAL 


DATAIN 


AFE 







HF 


\N SSS 
Loe fr 
SHIFT IN PZ OKITAINS 31 WORDS) ed 
rN are 


Wed ey tWLFH 
INPUT READY Y ~ 
tDVWH tn | 
DATAIN COS CXKKKAKKM OK KKKOHYXKOYD? 
AF/E (Low XY 


VV tWLHH 
HF 


____--—] / © —_—_—_—_——1/To 





SHIFT IN 


(FIFO CONTAINS 55 WORDS) ae 
INPUT READY 
town en Sg ma 
\F NZ NZ VS NA 


tWLFH 


DATAIN CR KKK KKK KKK KRKXOO 


(HIGH) 
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L8C408/409- 


Symbol __ Parameter Min [ Mex [ Min [Max [ Min [Max | Min | Mex | Min | Max 
[0 | Operating Frequency (in MHz)(Noei) ——~—S«d=SCiéd;(t8| | 20| 25] | 35] | 45 
[tat | Shift Out High to Shift OutLow (Noto) ——SSSS<dA TOT] fT CP 8] Py 
Farin | Shift OutLow to Shit OutHigh —_——SSCSCS~S~S BP Be a 
FeAEH | Shift Out Low to Output ReadyHigh—=SC~S~sSC‘(SB TST | | OY | 
tat | Shift Out High to Output ReadyLow ___——~*i~~iy [| 28 [ | te] | te] | tay 
FsaLav | Shift Out Low to Output Vaid (Net Word | | 28| | 28| [20] | 20 || 17] 
Fsaax | Shift Out Low to Output Change (Previous Word) woies) | S| | s| | 8} | s| | s/t | 
Fraven | Output Valid to Output Ready High (Notes) === | fof | of | 0; | 0] _| 
Fira | ShittOutLowtoAF/EHigh ——sSSSSSC~=~SC‘iC BTS A, LCL eC 
Firal [Shift OutLow to AFELow —SS~SY CdS ABT | Af | 8 
Fh | Shift Out Low to HalfFlagLow SYS S| NP se | 
ZS 










«_—_———1/fo 


SHIFT OUT FU WORDS) EN 


j-e—t RHAL x hee RLEH 
SK 


OUTPUT READY ee, PENG 


DATA OUT > KX See XO 
t 
se 


LONE di (IO 
(Kan, SPE CONTAINS 
SHIFT OUT moe Z>_32 WORDS) 
ae 2 
yay SOP ——— t RLEH 
OUTPUT READY M 
Ea te 
DATA OUT Le XK LK KOO 
QW, tRLOXx ; t RLHL: 
HF SS 
AF/E _ (LOW 


~——_—_—1/fo Ho 


SHIFT OUT | ies WORDS) 
Heat Lae 7 <—— t RLEH 
OUTPUT READY 
— 1a | tm} toves 
| > XK OK KKK 


DATA OUT L > <x 


tRLOx TRLAL 
AF/E i 


HF (HIGH) 
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64 x 8- and 9-bit FIFO with Flags + OE L8C408/409 





=... S22 Se 
Symbol___ Parameter Min [ Mex | Min [Mex | Min [Max Min | Mex [in | Mox 
rtwiwii_[ Master Reset Low toMasterResel High (Notes) |25| | 25| | 25| [25| [20] _| 
Fur | MasterResetLowtoinputReadyHigh SST S«| SB | OB CL OB] eB] | Oe 
fice | Master Reset Low to Ouiput ReadyLow | | 8 | 86] a8] 28 | | 25, 
 wrwit_| Master Reset High to ShiftinHigh Wates)_——~*dvS | «| BOP tO] Poy fo] 
ftm.c | Master Reset Lowto Output Low orZero—=S=S«d|_—=«; S| | BO] | as} | 2] | 20) 
wich | Master Reset LowioHalFlagLow | | 48| | 4s; | a0| | 2a | | 25) 
twat | MasterResetLowioAFEHigh ——=—S—S~SsSid ABT | AY] a] Yi | 
[toHaz _| Ouiput Enable Figh to Output High ZWotes 14,1 | | 25] | 20> | as| | 2 |] 2 
[ro.av | Output Enable Low to Output Valid ores 14,15) | | 30] | 25|\ | ao[ [15] | 12) 







MASTER RESET 


INPUT READY 







OUTPUT READY 






SHIFT IN 







DATA OUT 







HF 


tOHOz toLov 


DATA OUT 


SHIFTIN [ LJ. L... 
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64 x 8- and 9-bit FIFO with Flags + OE L8C408/409 






















Symbol Parameter 


Bubble Through Time 


tEHEL Output Ready High to Output Ready Low (Note 17) 


[Min | Max. 
sy 
Output Valid to Output Ready High | oO}; | 
ca 
j3o| 








Input Ready High to Input Ready Low (Note 17) 


tOVFH Data Valid to Input Ready High (Note 9) 
tFHDV Input Ready High to Data Valid (Note 9) 



















SHIFT IN 







SHIFT OUT 







OUTPUT READY 





DATA OUT 







SHIFT OUT 







SHIFT IN 





INPUT READY 


FULL 
64 63 56 55 54 32031 


sHiFTOUuT [LJ L... 
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64 x 8- and 9-bit FIFO with Flags + OE 


L8C408/409 





1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbe clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach —2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. "Typical’ supply current values are not 
shown but may be approximated. Ata VCC 
of +5.0 V, an ambient temperature of +25°C 
and with nominal manufacturing parame- 
ters, the operating supply currents will be 
approximately 3/4 or less of the maximu 
values shown. 


6. Tested with outputs open and 
puts changing at the specified 
wrtie cycle rate. The devices, r 
empty for the test. 


7. These parameters are guaranteed but not 


100% tested. 


8. Test conditions assume input transition 
times of 5 ns orless, reference levels of 1.5 V, 
output loading for specified IOL and IOH 
plus 30 pF (Fig. 1a), and input pulse levels of 
0 to 3.0 V (Fig. 2). 


9. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
twLwu is specified as a minimum since the 
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external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. For example, twiri is 
specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


10. When cascading devices, the reset pulse 
width must be increased to equal twLmMH + 
tMLEL. 


11. It is not recommended that Logic De- 
vices and other vendor parts be cascaded 
together. The parts are designed to be pin- 
for-pin compatible but temperature and 
voltage compensation may vary from ven- 
dor to vendor. Logic Devices can only gug 
antee the cascading of Logic Devices parfs 
other Logic Devices parts. 


12. Tested with output open and 
mum capacitance. OE is high 
L8C408. 


13. Icc of devices run 


cies can be calculatéd.u: t i 
equation: 
Commercial! 

Ice = 90 + x [f -25 MHz])) 
Milifary: 


OX L00 mAyt (2.5 mA x [f - 25 MHz]) 


any given temperature and voltage 
output disable time is less than 


nable time for any given device. 





Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter issampled and not 
100% tested. 


16. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 


4 
q 


+45 V 
OUTPUT 
INCLUDING 


JIG AND 
SCOPE 















INCLUDING 
JIG AND 
SCOPE 










17. The user must be aware that there is no 
true minimum value for teHeL and tFHFL. 
These pulses may beslight during high load 
under certain operating conditions and lot 
variations. 


18. Both power and ground pins must be 
hooked up externally. The pads are not 
connected together on the die or package. If 
only one is connected, the device will not 
work! Pins 9 and 22 are the I/O GND and 
internal ground respectively. 
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64 x 8- and 9-bit FIFO with Flags + OE L8C408/409 


28-pin 
(0.3" wide) 


Vcc 

MR 

so 

OR 

Qo 

Qi 

GND 

Qe2 

Q3 

Q4 

Qs 

Q6 

Q7 

L8c4o8 = NC U14 OE = L8C408 
L8C409 = Ds Q8 = L8C409 





L8C408PC 
or 
L8C409PC 
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28-pin 
(0.6" wide) 


vec 
MR 

so 

OR 

Qo 

Qi 

GND 

Q2 

Q3 

Q4 

Qs 

Qs 

Q7 

L8C408 = NC OE =L8C408 
L8C409 = Dg Q8 = L8c409 





L8C408NC L8C408CC L8C408KC 
or 2 or 2 or 
L8C409NC L8C409CC Ne L8C409KC 


L8C408KM | 20 
or 
L8C409KM 


15 

L8C408KME | 20 
or 

L8C409KME 


15 15 
L8C408CM a 20 L8C408KMB | 20 


or or 
L8C409CMB L8C409KMB 
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Product Selection Guide 











Maximum Speed (ns) Typical Power (mW) 
Part No.) = Description Com. : Opr. Standby Pins Packages Available’) 


LMM456 256K Module 
(64K x 4-bit) 


LMM624 1 Megabit Module 
(256K x 4-bit) 
(128K x 8-bit) 
(64K x 16-bit) 








LMM824 1 Megabit Module 25 [ADVANCEDANFORMATION ] 
(Monolithic Pinout) 
(128K x 8-bit) 
Output Enable 





LMM4016 — 4 Megabit Module 
(256K x 16-bit) 











LOGIC DEVICES PART NUMBER 
LMM456 LMM624 LMM824 LMM4016 
Competitor (256K) (1 Megabit) {1 Megabit) (4 Megabit) 
IDT IDT7MP456 IDT7M624S IDT8M824S IDT7M4016 
Cypress NA 1621HD 1421HD 1641HD 


(1) See Section 1 - Ordering Information for assistance in constructing a valid part number. 
(2) See Section 10 — Packaging for package dimension. 
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256K (64K x 4-bit) Static RAM Module LMM456 





( 256K (64K x 4-bit) Static RAM 
Module 


[ Advanced CMOS Technology 
() High Speed — to 15 ns worst-case 


11 Low Power Operation 
Active: 900 mW 
Standby: 30 mW typical 


M Single 5 V (410%) Power Supply 


4 TTL-Compatible Inputs and 
Outputs 
Q Plug Compatible with IDT7MP456 


O Package Styles Available: 
¢ 28-pin SIP Module 


DATA IN 
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The LMM456 is a 256K high speed 
CMOS static RAM module organized 
as 64K x 4-bits. This module is 
constructed using four L7C187 

64K x1 static RAMs in plastic surface 
mount packages assembled on an 
epoxy laminate SIP substrate. 


Memory locations are specified on 
Address pin Ao through A15. Writing 
to the memory module is accom- 
plished when the active-low Chip 
Enable (CE) and Write Enable (WE) 
inputs are both low. Either signal 
may be used to terminate the Write 
operation. 


Reading from a designated location is 
accomplished by presenting an 
address and then taking CE low while 


4-5 


WE remains high. The data in the 
addressed memory location will then 
appear on the Data In/Data Out pins. 
The input/output pins stay in a high 
impedance state when CE is high or 
WE is low. 


The LMM456 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. All inputs and 
outputs are TTL compatible and 
operate from a single 5 V power 
supply. 

Latchup and static discharge pro- 
tection are provided on-chip. The 
LMM456 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 


L7C187 


DATA OUT 
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256K (64K x 4-bit) Static RAM Module LMM456 


Storage temperature —55°C to +125°C 
Operating ambient temperature 0°C to +70°C 
Temperature under bias 

Vcc supply voltage with respect to ground 

DC output current 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage (Vcc) 
Active Operation, Commercial 0°C to +70°C 5.0 V+10% 















Symbo! Parameter Test Condition Min | Typ 
H Output High Voltage IOH = —4.0 mA, Voc = 4.5 V | 2.4 | 
L_| Output Low Voltage 


Output Low Voltage lo. = 8.0 mA, Vcc = 4.5 V 


(Note) 
Vcc = 5.5 V, VIN= GND to Vcc nl 
Vcc = 5.5 V, CE = VIH, VouT = GND to Vcc he afl 
Note | 
aa 
fea 


Vo 
Vo 
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eae 
| 2.2 | 
| 08 | Vv 






fac 
oa NS 
| 6.0 | 
15 | 
| 15 | 
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Cc 
cc 


2 
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170 [ma | 
Vcc Current, CMOS Standby | (Note 8) | 2.0 | 
Input Capacitance Amb. Temp. = 25°C, f = 1.0 MHz, VIN = 0.0 V | 35 | pF | 


[Cour | Output Capacitance | Amb. Temp. = 25°, f= 10 WH, Vour=-00V | | | 40 | pF | 
ss 
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256K (64K x 4-bit) Static RAM Module LMM456 
















LMM45 


oO 
‘ 





mbol Parameter 


Read Cycle Time 


Address Valid to Output Valid (13, 14) 
 tAXOX | Address Change to Output Hold 

hip Enable Low to Output Valid (13, 15) 
Chip Enable Low to Output in Low Z (20, 21) 
Chip Enable to Output in High Z (20, 21) 

hip Enable Low to Power Up (10, 19) 
ftep Power Up to Power Down (10, 19) 


” 
“< 


lel fel fel [als 
“Sh 
BGRORER: 


Q 


Q 


al at tia 


at teftat tat ge 
a] |e) [#8] IF 





ADDRESS 
TAXOX 


CE [LLLLLLLAMML MLM ML 


eorem—yn | 
DATA OUT x KO 


ADDRESS 
taxox 
DATA OUT 


DATA OUT 


Icc 





Memory Modules 


4-7 LDS.M456-C 


DEVICES INCORPORATED 











256K (64K x 4-bit) Static RAM Module LMM456 
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Symbol Parameter 
tWVAV Write Cycle Time 
Chip Enable Low to End of Write Cycle 
tAVBW Address Valid to Beginning of Write Cycle 
Address Valid to End of Write Cycle 
nd of Write Cycle to Address Change 
rite Enable Low to End of Write Cycle 
Data to End of Write Cycle 
End of Write Cycle to Data Hold 
Write Enable High to Output in High Z (20, 21) 
Write Enable Low to Output Active (20, 21) 
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ADDRESS 
CE 

WE 

DATA OUT 


DATA IN 





(1) During this period, I/O pins are in the output state, and input signals must not be applied. 


ADDRESS 


CE 


WE 


DATA IN ——— = 
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256K (64K x 4-bit) Static RAM Module 


LMM456 























1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
Acurrent in excess of 100 mA is required to 
reach -2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. Typical’ supply current values are not 
shown but may be approximated. At a VCC 
of +5.0 V, an ambient temperature of +25°C 
and with nominal manufacturing parame- 
ters, the operating supply currents will be 
approximately 3/4 or less of the maximum 
values shown. 


6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
ie., CE < VIL, WE § VIL. 


7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate, The device is continuously 
disabled, i.e., CE > VIH. 


8. Tested with outputs open and all address 
and data inputs stable. The device is con- 
tinuously disabled, i.e., CE = VCC. Input 
levels are within 0.5 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be 
2 VcC-0.3V. For all other inputs VIN 
2 VCC -0.3 V or VIN < 0.3 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
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IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE 
low). 


15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 


16. The internal write cycle of the memo 

is defined by the overlap of CE low and 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer- 
enced to the signal that falls last or rises first. 


17. If WE goes low before or concurrent 
with CE going low, the output remains ina 
high impedance state. 


18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 


19. Powerup from ICC2 to ICC1 occurs as a 
result of any of the following conditions: 


a. Falling edge of CE. 
b. Falling edge of WE (CE active). 
c. Transition onany address line (CE active). 


d. Transition on any data line (CE and WE 
active). 


The device automatically powers down 
from ICC2 to ICC1 after trp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter is sampled and not 
100% tested. 





22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE or WE must be high during address 
transitions. 


24. This product isa very highspeed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can causea good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
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LMM456 


256K (64K x 4-bit) Static RAM Module 
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1 Megabit (64K x 16-bit) Static RAM Module 


LMM624 





{1 1Megabit (64K x 16-bit) StaticRAM The LMM624 is a1 megabit high 


Module 

Q) Utilizes 16 L7C187 64K x 1 Static 
RAMs 

Advanced CMOS Technology 

O High Speed, Low Power 
Consumption 

{4 TTL Compatible Inputs and 
Outputs 

QO) Plug Compatible with IDT7M624S 

{ Package Styles Available: 
¢ 40-pin DIP Module 
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performance static RAM module 
organized as 64K x 16 bits. The 
module is constructed using 16 
L7C187, 64K x1 static RAMs in plastic 
surface mount packages assembled on 
an epoxy laminate DIP substrate. 
Four separate Chip Enable (CE) pins 
are available (one for each group of 
four RAMs). This allows the user to 
configure the memory as either 

256K x 4, 128K x 8, or 64K x 16 
organization. 
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ctio 
624 tan withstand an injection 
Memory locations are specified on of up to 200 mA on any pin 
Address pins Ao through A15. ithout damage. 
Writing to the memory moduld SS 


accomplished when the Chip Enable 
(CExx) and the Write Enable (WE) 
inputs are both low. Reading from a 
designated location is accomplished 
by taking CExx low, while WE 
remains high. The data in the 
addressed memory location will 
appear on the Data pins. The Data 
Out is in the high impedance state 
when €Exx is high, or WE is low. 


and static discharge pro- 
rovided on-chip. The 
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1 Megabit (64K x 16-bit) Static RAM Module LMM624 














Storage temperature ............scssssscecsssrcoreeseeseees —55°C to +125°C 
Operating ambient temperature ..............sseseeeeeeeseee 0°C to +70°C 
Temperature UNdEr biaS ............ ec cesseesreeeeeseenseeee 

Vcc supply voltage with respect to ground ........ 
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Mode 
Active Operation, Commercial 








Symbol Parameter 


VOH Output High Voltage 
VOL 


Output Low Voltage | I Qs.0 mA C = 4.5 V (Note 11) 


Ea 

D a ae 
MOL WG A, Vcc = 4.5 V (Note 11) She 
7, T_T 22 
aa 

|| 





[Vi [Input High Voltage N73 
Vi [Input Low Voltage 77 NWS 


I Input Leakage C yrange |W c = 5.5 V, VIN= GND to Vcc 


IX 
loz __ [Output Leakag&Curdgnt NS | Voc = 5.5 V, CExx = ViH, VouT = GND to Vcc 





Input Capacitance Amb. Temp. = 25°C, f = 1.0 MHz, VIN = 0.0 V 


ae 

z es 

ficca [vee Curent, TPNGotve [Oe dC 
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me 













Symbol Parameter Test Condition | 45 | 35 | 25 | 20 | | unit | 
ext] Yee Curet Ace wie) | esees.6) __——_—_—_——_—~a80| 00) +600] 2000] | 

Peen)|Voo Coren, Aci 6) | Weames.e === 620] 40 040] Yovo] 
(Nets 8.6) [seo | 60 760) 860] 
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1 Megabit (64K x 16-bit) Static RAM Module LMM624 

























SF {Note 

ee === === 
tRVAV Read Cycle Time K\ | | 20 | 
tavav_| Address Valid to Output Valid (13, 14) LY = 
tAXOx Address Change to Output Hold ge | 





BO 


acetate tee 
| |g) lel [al IF 


tcLav | Chip Enable Low to Output Valid (13, 15) he 
Chip Enable to Output in High Z (20, 21) LEX N 
tPU Chip Enable Low to Power Up (10, 19) QA (en 
oo | Pon Ups Pow mn i 
= eS 
Reap Cycie — A ( 1) XO XSSS 
av XY 
ETE Ct eee ee 
ADDRESS So CEN) ee 
SS 
DATA OUT | PREVIOUS DATA VALID, \\ SEK SOK XK SCS DATA VALID 
FAY 
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1 Megabit (64K x 16-bit) Static RAM Module LMM624 


LMM624S- 


rr on 
< 
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Parameter 
tWVAV rite Cycle Time 
Chip Enable Low to End of Write Cycle 
tavBw Address Setup Time 
Address Valid to End of Write Cycle 
| tewax | End of Write Cycle to Address Change 
Write Enable Low to End of Write Cycle 
Data to End of Write Cycle 
| tewoH | End of Write Cycle to Data Hold 
| twHaz | Write Enable High to Output in High Z (20, 21) 
Write Enable Low to Output Active (20, 21) VJBN 
S, 


pera e eae 
atl it tl IE 
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1 Megabit (64K x 16-bit) Static RAM Module 





LMM624 











1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will beclamped beginning at—0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


5. ‘Typical’ supply current values are not 
shown but may be approximated. Ata VCC 
of +5.0 V, an ambient temperature of +25°C 
and with nominal manufacturing parame- 
ters, the operating supply currents will be 
approximately 3/4 or less of the maximum 
values shown. 


6. Tested with all address and data inpu 
changing at the maximum cycle rate. 
device is continuously enabled for w; 
ie., CE < VIL, WE < VIL. 


7. Tested with outputs ne dalts 
and data inputs changing axtte ms i 
read cycle rate. The device i 

disabled, i.e., CE 2 VIH. 


8. Tested with outputs open and all'address 
and data inputs stable. The device is con- 
tinuously disabled, i.e, CE = VCC. Input 
levels are within 0.5 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be 
2 VCC-0.3V. For all other inputs VIN 
2 VCC - 0.3 V or VIN $0.3 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 5 ns, reference levels of 
1.5 V, output loading for specified IOL and 


DEVICES INCORPORATED 







IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 
14. The chip is continuously selected (CE 
low). 


15. All address lines are valid prior-to\9 
coincident-with the CE transition tolow. 


is defined by the overlap of 
low. Both signals must 
write. Either signal can te 


going high. The addr 


17. If WE or concurrent 
with CE g utput remains ina 
high impedakees 

1 goes h before or concurrent 









oinghigh, the output remains in 
nee state. 


b. Falling edge of WE (CE active). 
¢. Transition onany address line (CEactive). 


d. Transition on any data line (CE and WE 
active). 


The device automatically powers down 
from ICC2 to ICC! after tev has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter is sampled and not 
100% tested. 





22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE or WE must be high during address 
transitions. 


24. This productisa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
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1 Megabit (64K x 16-bit) Static RAM Module 
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1/010 
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LMM824 





 1024K (128K x 8-bit) Static RAM 
Module 


Q Advanced CMOS Technology 
Q) High Speed — to 25 ns worst-case 


() Low Power Operation 
Active: 550 mW 
Standby: 20 mW typical 


QO Single 5 V (+10%) Power Supply 


L) Data Retention at 2 V for Battery 
Backup Operation 


Q) TTL Compatible Inputs and 
Outputs 
Q Plug Compatible with IDT8M824S 


Q) Package Styles Available: 
¢ 32-pin DIP Module 





DECODER 
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The LMM824 is a 1 Megabit high 
performance static RAM module 
organized as 128K x 8 bits. The 
module is constructed using four 
L7C199 32K x 8 static RAMs in plastic 
surface mount packages assembled on 
an epoxy laminate DIP substrate. A 
decoder intreprets the higher order 
addresses, A15 and A16, and selects 
one of the four static RAMS. 
Memory locations are specified on 
Address pins Ao through A16. 
Writing to the memory module is 
accomplished when the active-low 
Chip Enable (CE) and the Write 
Enable (WE) inputs are both lo 
Either of these signals may. 


L7C199 
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Enable (OE) low, while WE remains 
high. The data in the addressed 
memory location will then appear on 
the Data In/Data Out pins. The 
input/output pins stay in a high 
impedance state unless the module is 
selected, the outputs are enabled, and 
WE is high. 

The LMM824 provides asychronous 
ed) operation with matching 
d cycle times. All inputs and 
e TTL compatible and 








ection are provided on-chip. The 
LMM8724 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 


107-00 
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1 Megabit (128K x 8-bit) Static RAM Module LMM824 


Standby High Z | Standby Storage temperature —55°C to +125°C 

Read DATAout| Active Operating ambient temperature 0°C to +70°C 
Temperature under bias -10°C to +85°C 
Vcc supply voltage with res —0.5 V to +7.0 V 


Read High Z | Active 
Write DATAn | Active 


Mode ige-tAmbi Supply Voltage (Vcc) 
Active Operation, Commercial ; \ 5 .0V+10% 





Symbol! Parameter Te <a | Min | Typ | Mex | Unit | 
on [Sen aan a 
e/a Ae 
nomena 7 
E Input Leakage 9} NS [vous save wwaanoes Ps [a 


jez | Oupu este Yon |Voo=55V,0E= vik VouT= GBs [Ys [an 
fey 0 0 | ma 


Nate Pa [40 ma 


Input Eapsehanee 










_ 















CouT | Output Capacitance 


Symbol Parameter Test Condition 





Vcc Current, Active (Note 5, 6) 
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1 Megabit (128K x 8-bit) Static RAM Module LMM824 






























Address Change to Output Hold 


Chip Enable Low to Output Valid (13, 15) 


tRVAV Read Cycle Time | | 
tavav | Address Valid to Output Valid (13, 14) | 45 | 
Chip Enable Low to Output in Low Z (20, 21) fs | | 





















toHaz_ | Output Disable to Output in High Z (20, 21) | | 20 | 
tCHQZ Chip Enable to Output in High Z (20, 21) 
Output Enable to Output in Low Z (20, 21) K\ | 
ftouay | Output Enabiete OuputVaid 
tPu Chip Enable Low to Power Up (10, 19) en aa Con ee ee, 
tPD Power Up to Power Down (10, 19) JC Ply 4s { 354 | 25] 
Nae 

















tAVvav 
co LNNNNNNNNN NS RNS V7 2722222222222 2 
«© TSSNNu touoz oe We eee 
Oe 
DATA OUT \b582 xx 
S 





2 YF 
ADDRESS AS 
S77 ~ tavav taxox 


DATA OUT | PREMIOUS DATA VALID EKO KOOOK paravauin OK 


KH taxax 


CE 
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1 Megabit (128K x 8-bit) Static RAM Module 


tWVAV 
Chip Enable Low to End of Write Cycle 
Address Valid to Beginning of Write Cycle 


Address Valid to End of Write Cycle 
| tewax | End of Write Cycle to Address Change 
LEW 


Write Enable Low to End of Write Cycle 


tWHQZ Write Enable High to Output in High Z (20, 21) 


tWLQA Write Enable Low to Output Active (20, 21) SA 
| toHaz | Output Disable to Output in High Z ha | 


WE 
DATA OUT 


DATAIN 


ADDRESS 
CE 


WE 
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1 Megabit (128K x 8-bit) Static RAM Module 


LMM824 





1. Maximum Ratings indicate stress specifi- 
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con- 
ditions for extended periods may affect re- 
liability of the tested device. 


2. The products described by this specifica- 
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec- 
trical stress values. 


3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclamped beginning at—0.6 V. 
Acurrent in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi- 
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


5. "Typical’ supply current values are not 
shown but may be approximated. Ata VCC 
of +5.0 V, an ambient temperature of +25°C 
and with nominal manufacturing parame- 
ters, the operating supply currents will be 
approximately 3/4 or less of the maximum 
values shown. 


6. Tested with all address and data inpu 
changing at the maximum cycle rate. 
device is continuously enabled for 
ie., CE < VIL, WE < VIL. 


7. Tested with outputs open a 
and data inputs changing a 
read cycle rate. The device i 
disabled, i.e., CE > VIH. 


8. Tested with outputs open and all’address 
and data inputs stable. The device is con- 
tinuously disabled, ie., CE = VCC. Input 
levels are within 0.5 V of VCC or ground. 


9. Data retention operation requires that 
VCC never drop below 2.0 V. CE must be 
2 VCC-0.3V. For all other inputs VIN 
2 VCC - 0.3 V or VIN < 0.3 V is required to 
ensure full powerdown. 


10. These parameters are guaranteed but 
not 100% tested. 


11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
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IOH plus 30 pF (Fig. 1a), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 


12. Each parameter is shown asa minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter- 
nal system driving the chip. For example, 
tavew is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require- 
ments of all parts. Responses from the inter- 
nal circuitry are specified from the point of 
view of the device. Access time, forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 


13. WE is high for the read cycle. 


14. The chip is continuously selected (CE 
low). 


15. All address lines are valid prior-to\9 
coincident-with the CE transition telew. 


is defined by the overlap of 
low. Both signals must 
write. Either signal can te 
going high, The addr 

input setup and hofd\j 
enced to the signal 








17. If WE or concurrent 
with CE g utput remains in a 
high impedanees 

1 goes h before or concurrent 










oi igh, the output remains in 
fance state. 


f any of the following conditions: 
alling edge of CE. 

b. Falling edge of WE (CE active). 

c. Transition onany address line (CE active). 


d. Transition on any data line (CE and WE 
active). 


The device automatically powers down 
from ICC2 to ICC! after tpp has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 


20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 


21. Transition is measured +200 mV from 
steady state voltage with specified loading 
in Fig. 1b. This parameter is sampled and not 
100% tested. 
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22. All address timings are referenced from 
the last valid address line to the first transi- 
tioning address line. 


23. CE or WE must be high during address 
transitions. 


24. This productisa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In- 
adequate attention to setups and proce- 
dures can causea good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di- 
rectly up to the contactor fingers. A 0.01 pF 
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1 Megabit (128K x 8-bit) Static RAM Module 
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LMM4016 





Q) 4 Megabit (256K x 16-bit) Static 
RAM Module 


Utilizes 16 L7C197 256K x1 Static 
RAMs 


Q Advanced CMOS Technology 

Q High Speed, Low Power 
Consumption 

QO) TTL Compatible Inputs and 
Outputs 

O Plug Compatible with IDT7M4016 

QO Package Styles Available: 
¢ 48-pin DIP Module 





WEu 
CE 8-11 
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The LMM4016 is a 4 megabit high 
performance static RAM module 
organized as 256K x 16 bits. The 
module is constructed using 16 
L7C197, 256K x 1 static RAMs in 
plastic surface mount packages 
assembled on an epoxy laminate DIP 
substrate. Four separate Chip Enable 
(CE) pins are available (one for each 
group of 4 RAMs). This ajtows the 
user to configure the ory/as 
either 1M x4, 512 6KA716 
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accomplished when the Chip Enable 
(CExx) and the Write Enable (WEU,L) 
inputs are both low. Reading from a 
designated location is accomplished 
by taking CExx low, while WEU,L 
remains high. The data in the 
addressed memory location will 
appear on the Data pins. The Data 
Out is in the high impedance state 
when ~~ high, or WEU.L is low. 


atchup ahdstatic discharge pro- 
ep “s ses évided on-chip. The 


1g can withstand an injection 








L7C197 
256K x 1 


16 
Do-Dis 


Memory Modules 
. 5/15/90 





4 Megabit (256K x 16) Static RAM Module LMM4016 


48-pin Plastic DIP Module 


(0.9" wide) 


GND 
NC 


A3 
A4 
AS 
AG 
A7 
A8 
vec 
08 
/Og 
1/010 
vO11 
CE (8-11) 


A15 
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Package Availability Code ©) 
Part Sidebraze Plastic 
No.!) Plastic DIP Hermetic DIP LCC_ 


LMUoa 


a ae —— 
LMU112 


LMU18 


— oe 

LMAz009} 68 
LMA1010 
LMA2010 2 

























: F L29C520 
a 
LPR521 40/44 

a 


L29C818 24/28 




























Lacsst sit Tas ames 
L2ecio1 | 64/68 = 


(1) See Section 1 —- Ordering Information for assistance in constructing a valid part number. 
(2) See Section 10 —- Packaging for package dimensions. 
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Part No.‘*) 


ultipli 
LMUO8 
LMU8U 


LMU557 
LMUS558 


LMU12 
LMU112 


Maximum Speed (ns) 


Description Commercial 


8 x 8 Signed 
8 x 8 Unsigned 


8 x 8 Latched Output 
8 x 8 Unregistered 


12x 12 
12 x 12 Reduced Pinout 


Military 


Power 
(mW) 





Packages Available) 


DIP, LCC, PLCC 





DIP 


DIP, Pin Grid Array 
DIP, LCC 








LMU16 
LMU216 


16x16 
16 x 16 Surface Mount 





LMU17 
LMU217 


16 x 16 Microprogrammable 
16 x 16 Surface Mount 





LMU18 


LMA1009 


LMA2009 


LMA1010 
LMA2010 


L29C521 


LPR520 
LPR521 


L29C524 
L29C525 


16 x 16/32 Outputs 


12x12 


12 x 12 Surface Mount 





16x 16 


1 


22 
4x 8-bit, Var. Delay, 1-4 Stages 


4x 16-bit, Var. Delay, 1-4 Stages 22 
4x 16-bit, Var. Delay, 1—4 Stages 


DIP, Pin Grid Array 
LCC, PLCC 








14x 8-bit, Var. Delay,0-14 Stages 20 
16 x 8-bit, Var. Delay, O-16 Stages 





Li0C11 
L29C818 


Lacaet 
L29C101 


LSH32 
LSH33 
L10C23 


18 x 8-bit, Var. Delay, 3-18 Stages 25 





8-bit Serial Scan Shadow Register 25 


nit 


16-bit, Add/Sub 


16-bit Slice, Quad 2901 


32-bit Barrel Shifte 32 


32-bit Barrel Shifter with Registers 30 
64 x 1 Digital Correlator 20 


DIP, Pin Grid Array 
LCC, PLCC 





Pin Grid Array, PLCC 


DIP, Pin Grid Array 


LOC, PLCC 





DIP, Pin Grid Array 


DIP, LCC, PLCC 


Flat Pack 





(1) See Section 1 - Ordering Information for assistance in constructing a valid part number. 
(2) See Section 10 — Packaging for package dimensions. 
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DIP, LCC, PLCC 
DIP, PLCC 


DIP 
DIP, LCC 


Pin Grid Array, LCC, PLCC 
DIP, Pin Grid Array 


Pin Grid Array, LCC, PLCC 
DIP, LCC 
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Product Cross Reference Guide 


LMUO8 8X 8 MULT MPY008 ADSP1080 
LMU8U 8 X 8 MULT MPYO8U ADSP1081 


LMU557 8 X 8 MULT AM25S557 
SN54557 


SN74557 


LMU558 8X8 MULT AM25S558 
SN54558 


SN74558 
LMU12 12 X 12 MULT MPY012 ADSP1012 IDT7212 


LMU112 12 X 12 MULT MPY112 
LMU16/ 16 X 16 MULT MPY016 ADSP1016 IDT7216 CY7C516 AM29516 WTL1016 
LMU216 TMC216 AM29C516 WTL1516/2517 


LMU17/ 16 X 16 MULT ADSP1017 IDT7217 CY7C517 AM29517 
LMU217 AM29C517 


LMA1009/ 12X12 MAC TDC1009 ADSP1009 IDT7203 AM29CS09 
LMA2009 TMC2009 
TMC2109 
LMA1010/ . 16 X 16 MAC TDC1010 ADSP1010 1DT7210 CY7C510 AM29510 WTL1010 
LMA2010 TMC2010 ADSP1110 IDT7243 AM29C510 WTL2010 
TMC2110 
TMC2210 


L29C520 PIPELINE AM29520A P29PCT520 WS59520 ISP9520 IDT29FCT520A 
REGISTER 29C5200NS 


L29C521 PIPELINE AM29521A P29PCT521 WS59521 ISP9521 IDT29FCT521A 
REGISTER 


L29C101 16-BIT ALU IDT49C-401 CY7C9101 AM29C101 
L10C23 CORRELATOR TDC1023J 
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LMU08/LMU8U 





Q) 35 ns Worst-Case Multiply Time 

1 Low Power CMOS Technology 

(1 LMU08 Replaces TRW MPY008H 
[1 LMU8U Replaces TRW MPY08HU 


Q Two’s Complement (LMU08), or 
Unsigned Operands (LMU8U) 


QO Three-State Outputs 


[a Available Screened to MIL-STD- 
883, Class B 


O Package Styles Available: 
e 40-pin Plastic DIP 
¢ 40-pin Sidebraze, Hermetic DIP 
¢ 44-pin Plastic LCC, J-Lead 
(LMU08 only) 
e 44-pin Ceramic LCC (Type C) 
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both halves. This facilitates use of the 
LMU08 product as a double precision 
operand in 8-bit systems. The 
LMU8U operates on unsigned data, 
producing an unsigned magnitude 
result. 


Both the LMU08 and the LMU8U 
feature independently controlled 
registers for both inputs and the 
product, which along with three-state 
outputs allows easy interfacing with 
microprocessor busses. Provision is 
made in the LMU08 and LMU8U for 
proper rounding of the product to 
8-bit precision. The round input is 
loaded at the rising edge of the logical 
OR of CLK A and CLK B for the 
LMU08. The LMU8U latches RND on 
the rising edge of CLK A only. In 
either case, a ‘1’ is added in the most 
significant position of the lower 
product byte when RND is asserted. 
Subsequent truncation of the least sig- 
nificant product byte results in a 
correctly rounded 8-bit result. 


The LMU08 and LMU8U are 8-bit 
parallel multipliers which feature high 
speed with low power consumption. 
They are pin-for-pin equivalents with 
TRW MPYO8H and MPYO008HU type 
multipliers. Full military ambient 
temperature range operation is 
attained by the use of advanced 
CMOS technology. 


Both the LMU08 and the LMU8U 
produce the 16-bit product of two 
8-bit numbers. The LMU08 accepts 
operands in two’s complement 
format, and produces a two’s comple- 
ment result. The product is provided 
in two halves with the sign bit repli- 
cated as the most significant bit of 


Ris—Ra 


R7-Ro 
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8 x 8-bit Parallel! Multiplier LMU08/8U 


AIN BIN 
LUMO8 Fractional Two’s Complement 
2 1 0 


—209 9-1 9-2 2-5 9-6 9-7 —209 9-1 9-2 2-5 9-6 9-7 
(Sign) (Sign) 


LMUO8 Integer Two’s Complement 
21 0 21 0 


—27 26 25 22 21 2° —27 26 25 22 21 20 
(Sign) (Sign) 


LMU8U Unsigned Fractional 


7 6 5 2 1 0 7 6 5 mp2 1 0. 


212223 242724 ae a a eke 


LMU8U Unsigned Integer 


2 1 0 7 6 5 
92 91 90 27 96 95 


LMUO8 Fractional Two’s Complement 


—2° = 2-2 2-5 2-6 Q-7 —20 2-3 2-9 2-12 2-13 2-14 
(Sign (Sign) 


LMU08 Integer Two’s Complement 
15 14 13 p10 9 8 


—214 213 912 29 28 Q7 —214 26 25 22 21 20 
(Sign) 


LMU8U Unsigned Fractional 


10 9 8 7 6 § 2 1 0 


Q-1 9-2 9-3 2-6 9-7 9-8 2-9 9-109-11 9-14 9-15 9-16 


LMU8U Unsigned Integer 


15 14 13 10 9 8 7 6 5 2 1 0 


ats 214 213 210 29 28 27 a6 Qs 22 21 20 
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8 x 8-bit Parallel Multiplier LMU08/8U 


—65°C to +150°C 
-55°C to +125°C 
—0.5 V to +7.0V 
-3.0 V to +7.0 V 
-3.0 V to +7.0 V 


Storage temperature 

Operating ambient temperature 

Vcc supply voltage with respect to ground 
Input signal with respect to ground 

Signal applied to high impedance output 
Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75V<Vcc <5.25V 
Active Operation, Military —55°C to +125°C 4.50 V < Vcc < 5.50 V 
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8 x 8-bit Parallel Multiplier LMU08/8U 














[os [Output Disable Tine Wate) 
[trw [Clock Puse Wath 
Pt [InputRegisterHolTime 
[is put RegiserSoup Time ———SSSCSCidC 


| Min | 
= 
aw 
| tena | OutputEnable Time (Note 19) | 
Rome 
| 20 | 
petal 






M 
Symbol Parameter 


Multiply Time (Clocked) 


| to | Output Delay 


| tpw | Clock Pulse Width 
| tH | Input Register Hold Time 
pts | Input Register Setup Time 


HIGH IMPEDANCE 
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8 x 8-bit Parallel Multiplier 


LMU08/8U 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 V and Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


= ow 
aT eS 
eee EE ewes = 
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5. Supply current for a given applica- 
tion can be accurately approximated by: 
NCV?F 
4 





where 


N = total number of device outputs 
C = capacitive load per output 

V =suppy voltage 

F = clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
ToL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercisedin the 
testing of this device. The following 
measures are recommended: 
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a. A 0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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8 x 8-bit Parallel Multiplier LMU08 


Ri1 
Ro Ri2 
Rs R13 
CLKR Ri4 
OEM R15 (RSM) cee 
OEL B7 (BS) OEL 
(RSL) R7 B6 (RSL) R7 
Ré Bs 
RS GND 
R4 B4 
Rs Vcc 
Re B3 
Ri Be 
Ro Bt 
Ao Bo 
At RND 
A2 CLK B 
A3 CLKA 
A4 A7 (AS) 


Sidebraze Plastic J-Lead Ceramic Leadiess 
Speed Hermetic DIP (D3) Chip Carrier (J1) Chip Carrier (K2) 
EEN 


LMU08DC70 LMU08JC70 LMU08KC70 
LJ « 50 a a Ly 


" 50 50 
35 : " 35 y " 35 


90 LMU08KM90 
a a 60 
: " 45 ° " 45 


LMUO8DMES90 LMUO8KME90 
a a" 60 7 > 60 
7 " 45 


LMUO8KMB90 
- * 60 7 * 60 
“ "45 " "45 
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8 x 8-bit Parallel Multiplier 


(RSL) R7 


LMU8UPC70 


Ré 
R5 
R4 
R3 
R2 
Ri 

Ro 
Ao’ 
Ai 

A2 
A3 
A4 


50 
35 


R12 
R13 

R14 

R15 (RSM) 
B7 (BS) 
Be 
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GND 

Ba 
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B3 

Be 

Bt 

Bo 


LMUBU DC70 
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« a 50 
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DEVICES INCORPORATED 


LMU557/558 





1) 60 ns Worst-Case Multiply Time 
(1 Low Power CMOS Technology 


(4 Replaces Am25$557/558, 
548557 /558 


Q Fully Combinatorial, No Clocks 
Required 


QQ) Two’s Complement, Unsigned, or 
Mixed Operands 


Q) Three-State Outputs 


GQ) Available Screened to MIL-STD- 
883, Class B 


Q) Package Styles Available: 
¢ 40-pin Plastic DIP 
e 40-pin Sidebraze, Hermetic DIP 


R (LMU557) 
RS, RU (LMU558) 


G (LMU557) 


The LMU557 and LMU558 are 8-bit 
parallel multipliers with high speed 
and low power operation. They are 
pin for pin equivalents with 54S557 
and 545558 type multipliers. Full 
military ambient temperature range 
operation is attained by the use of 
advanced CMOS technology. 


Both the LMU557 and LMU558 
produce the 16-bit product of two 
8-bit signed or unsigned numbers in 
a single unclocked operation. Asser- 
tion of control inputs TCA and TCB 
indicate that the corresponding 
input value is in two’s complement 
notation. 


TCA, TCB 


RESULT LATCH 


1 LMUS557 Only 


a ee ary d 
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Provision is made for proper round- 
ing for any combination of signed or 
unsigned inputs. The RU input to the 
LMU557 causes the product to be 
rounded to 8 bits of precision for 
unsigned or mixed mode multiplica- 
tion. For multiplication of two signed 
operands, the RS input is used for 
rounding, and the most significant bit 
of the product is discarded. [It will be 
identical to the sign bit for all except 
the (-28) e(-28) case, which will cause 
overflow if the result MSB is not 
considered. ] 


The LMU558 internally produces the 
RU and RS controls from a single 
round input, denoted R. With R 
asserted, RS rounding occurs if either 
TCA or TCB is asserted, while RU 
rounding is implemented for TCA 
and TCB not asserted. This implem- 
entation frees a pin for control of the 
transparent output latch in the 
LMU557 via the G input. 


Both the LMU557 and LMU558 offer 
three-state output buffers controlled 
by the OE input. The LMU557 has a 
16-bit transparent latch between the 
multiplier array and the output 
drivers for flexibility in implementing 
pipelined systems. This latch is 
transparent when G is high, and holds 
its state when G is low. In addition, 
both polarities of the result MSB (R15) 
are available as separate output pins 
to allow simple expansion to longer 
word lengths in signed multiplication. 
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8 x 8-bit Parallel Multiplier LMU557/558 


AIN BIN 
Fractional Two’s Complement 


—2° 2-1 2-2 255 2-6 2-7 —2°0 2-1 2-2 2-5 2-6 Q-7 
(Sign) (Sign) 


Integer Two’s Complement 


-27 28 25 =? 21 20 -27 28 25 = a2 21 20 
(Sign) (Sign) 


Unsigned Fractional 


7 6 5 Wb 2 1 0 | 7 6 5 2 1 0 | 


22 22° 2%27 2% et Ort ort 282-7 25 


Unsigned Integer 


[7 6 5 M2 1 0 


o7 2s Qs 22 21 2° Q7 26 as 22 21 2° 


MSP 


—_——_——— Fractional Two’s Complement 


15 14 13 10 9 8 2 10 
~21 20 o-1 o-4 a5 2-6 2-7 2-8 2-9 2-12 2-13 2-14 
(Sign) 


—_————— Integer Two’s Complement 


15 14 13 10 9 8 2 1.0 
—215 214 213 210 29 28 7 a6 25 22 21 20 
(Sign) 


———__————-— Unsigned Fractional 


15 14 13 10 9 8 7 6 5 


a-1 2-2 2-3 2-6 2-7 23 2-9 2-10 2-11 2-14 2-15 2-16 


—_—_————_ Unsigned Integer 


15 14 13 10 9 8 7 6 5 2 1 0 


215 914 913 210 29 98 Qo7 98 925 92 91 90 
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8 x 8-bit Parallel Multiplier LMU557/558 








—65°C to +150°C 
—55°C to +125°C 
—0.5 V to +7.0V 


Storage temperature 

Operating ambient temperature 

Vcc supply voltage with respect to ground 
Input signal with respect to ground -3.0 V to +7.0 V 
Signal applied to high impedance output -3.0 V to +7.0 V 


Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75V< Vcc <5.25V 
Active Operation, Military —55°C to +125°C 4.50V<Vcc <5.50V 











ee 


Input Current Ground < VIN < Vcc 
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Output Leakage Current | Ground < VouT < Vcc 
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Output Short Current VouT = Ground, Vcc = Max (Notes 4, 8) 








Vcc Current, Dynamic (Notes 5, 6) 
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Vcc Current, Quiescent (Note 7) 
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8 x 8-bit Parallel Multiplier LMU557/558 


LMUS557/558- 


Symbol Parameter 


A, B, TC, R Inputs to Ris—Re, R15 


ca ee 
to [ABTCAlpustRRo SSSCSC~“—~‘—Cs~S*™SSSC‘“(;SS BSCS 
Ptene | GenabotoResut —SSSCS~S~S~SSSCdSC 
Output Enable Time (Note 11) ioe 

F tos [Output isabieTine Woe) SSCS 

pew [GPucewith SCS—C—CSSSCS 
PH [GwABTCAHdTm SSCS SCY 
Pts [AB.TORinputsioGSouptime ——SSSCSC~—~—‘“‘—~‘~*~*~YC;CS SC*dTSC*d 


ec 19 185°C) Nowe 8 TO 



















Max 





Symbol Parameter 


Sa ESL CL |, eae Ee 
tro [AB TCRipusw RA SSCSC*~=“~*~“~*~*—*~‘~sCS*C*‘“!C“OCS 
tens | GerabeioRest ——SSSCSC~—“—~—S~“—sSCS~S~—C“—S~STSC‘(; 
tena | OuputnableTime oot) ——SCSC~“*‘“~*“*“*S*S*S*“~*“*~*~*rSCSC*S 

eae ee ee 
pew [GruewWah S—~—“—sSCSCS~iC 
ae cag 
re 5] 






G to A, B, TC, R Hold Time 


ans 
[A.B.16,RinpusteGSouptme ——SSSCSCSC~—~—~—SCSY 





A,B, TC, R 
INPUTS 


G INPUT 


Rts—Ro 


OE 


t 
HIGH IMPEDANCE wa 
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8 x 8-bit Parallel Multiplier 


LMU557/558 








1, Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 Vand Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


— EEE wwe 
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5. Supply current for a given applica- 
tion can beaccurately approximated by: 
NCV*F 
4 





where 


N = total number of device outputs 
C =capacitive load per output 

V =suppy voltage 

F =clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIS test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 
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a. A0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
thechip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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8 x 8-bit Parallel Multiplier 


LMUS57PC60 
or 
LMUSS58PC60 
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spec aa 


LM ussepc6o 


LMU557DM70 
or 
LMU558DM70 


LMUSS7DME7O 
LMUSS8DME70 


"LMU557DMB70 


or 
LMU558DMB70 





LMU557/558 


Logic Products 


LOS.557/8-A 


12 x 12-bit Parallel Multiplier 





LJ 35 ns Worst-Case Multiply Time 
(1 Low Power CMOS Technology 
QO Replaces TRW MPY12HJ 


[} Two’s Complement, Unsigned, or 
Mixed Operands 


1 Three-State Outputs 


1 Available Screened to-MIL-STD- 
883, Class B 


Ql Package Styles Available: 
¢ 64-pin Plastic DIP 
© 64-pin Sidebraze, Hermetic DIP 
© 68-pin Pin Grid Array 


TCA At1t—Ao 
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The LMU12is a 12-bit parallel 
multiplier with high speed and low 
power consumption. It is pin and 
functionally compatible with TRW 
MPY12HJ devices. Full military 
ambient temperature range operation 
is attained by the use of advanced 
CMOS technology. 


The LMU12 produces the 24-bit 
product of two 12-bit numbers. Data 
present at the A inputs, along with 
the TCA control bit, is loaded into 
the A register on the rising edge of 
CLK A. B data and the TCB control 
are similarly loaded by CLK B. The 


TCB B11-Bo 


FORMAT ADJUST 


R23-Ri2 Ri1—Ro 
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mode controls TCA and TCB specify 
the operands as two’s complement 
when high, or unsigned magnitude 
when low. 


RND is loaded on the rising edge of 
the logical OR of CLK A and CLK B. 
RND, when high, adds '1' to the most 
significant bit position of the least 
significant half of the product. Subse- 
quent truncation of the 12 least signifi- 
cant bits produces a result correctly 
rounded to 12-bit precision. 


At the output, the right shift control 
RS selects either of two output for- 
mats: RS low produces a 31-bit 
product with a copy of the sign bit 
inserted in the MSB postion of the 
least significant half. Rs high gives a 
full 32-bit product. Two 12-bit output 
registers are provided to hold the 
most and least significant halves of 
the result (MSP and LSP) as defined 
by RS. These registers are loaded on 
the rising edge of CLK M and CLK L 
respectively. For asynchronous 
output these registers may be made 
transparent by taking the feed 
through control (FT) high. 
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12 x 12-bit Parallel Multiplier 
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AIN BIN 
Fractional Two’s Complement (TCA, TCB = 1) 


—20 2-1 2-2 2-9 2-10 Q-1 —20 2-1 2-2 2-9 9-10 2-11 
(Sign) (Sign) 


Integer Two’s Complement (TCA, TCB = 1) 


-211 910 99 22 91 90 2 910 99 22 91 90 
(Sign) (Sign) 


—_—_—_—_—_—_———— Unsigned Fractional (TCA, TCB = 0) 


11 10 9 MP 2 1 0 


2-1 2-2 2-3 2-10 2-119-12 2-1 2-2 2-3 2-10 O-119-12 


———_—- Unsigned Integer (TCA, TCB = 0) 


1110 9 m2 1 «01 1110 9 2 1 0 


oe" 210 29 22 21 20 ait 210 2° 22 21 2° 


MSP LSP 
Fractional Two’s Complement (RS = 0) 


123 22 21 mp 14 13 12 1110 9 
2-1 2-2 2-9 2-10 Q-1 —20 Q-12 2-13 2-20 2-21 2-22 
(Sign) (Sign) 
Fractional Two’s Complement—Shifted (RS = 1) 


1110 9 MP 2 1 0 


-21 20 o-1 2-8 2-9 2-10 2-19-12 2-13 2-20 2-21 2-22 
(Sign) 
Integer Two’s Complement (RS = 1) 


14 13 12 
—223 222 221 214 213 2i2 Vall 210 29 22 21 20 
(Sign) 
——____————--—— Unsigned Fractional (RS = 1) 


2322 21 We 14 13 12 | 


o-1 2-2 2-3 2-10 Q-1 2-12 2-13 2-14 2-15 2-22 2-23 2-24 


—_—__————— Unsigned Integer (RS = 1) — 


14 13 12 1110 9 > 2 1 0] 


223 B22 221 Qi4 213 2i2 aii 210 29 22 91 20 
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LMU12 
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LDS. 12-B 


12 x 12-bit Parallel Multiplier LMU12 


Storage temperature 


Operating ambient temperature 

Vcc supply voltage with respect to ground 
Input signal with respect to ground 

Signal applied to high impedance output 
Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75 V <Vec < 5.25 V 
Active Operation, Military —55°C to +125°C 4.50 V < Vcc < 5.50 V 





Symbol Parameter Test Condition min | Typ | Max | Unit 
pw: [omnes [eon fa) 
rao es 
a 
SD 
com ae eS 
ee 
Rom 














Output Leakage Current | Ground < VouT < Vcc oa 
Output Short Current VouT = Ground, Vcc = Max (Notes 4, 8) ae 





Vcc Current, Dynamic (Notes 5, 6) 
Vcc Current, Quiescent (Note 7) 
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12 x 12-bit Parallel Multiplier LMU12 


LMU12- 


Symbol Parameter 


Multiply Time (Clocked) 


Unclocked Multiply Time 


I 
to [Oupitboy 
Ftewa | Ouput Enable Tine Reet | 
Fos [OuputDisebie Tine | 
[ew [GiockPuse Wah «dC 
rit [input RegisiorHoTine 
[is [Input Register Soup Time 









Symbol Parameter 


Multiply Time (Clocked) 





fiscal 
cae 
[wc [ Unclocked Mutipy Time 
po [OwputDewy SSS 
[tena [Ouput Enable Tine Woot) 
ios [OupstBisbieTine 
Few | Cock Puso wath iC 
ra [ipet Resistor oa cae 
[15 | iputRegiter Soup T ie 











Input Register Hold Time 
Input Register Setup Time 





HIGH IMPEDANCE 
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12 x 12-bit Parallel Multiplier 


LMU12 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 V and Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tioncan beaccurately approximated by: 
NCV?F 
4 





where 


N = total number of device outputs 
C = capacitive load per output 

V =suppy voltage 

F = clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to3.0 V. Output loading is a resistive 
divider which provides for specified 
IoL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 
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a. A0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vcc 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
thechip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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12 x 12-bit Parallel Multiplier 
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Sidebraze 
Hermetic DIP (D6) 


EAGiAL SCREENNG. 
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Top View 
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LDS.12-B 


12 x 12-bit Parallel Multiplier 


LMU112 





50 ns Worst-Case Multiply Time 
(Low Power CMOS Technology 
Q) Replaces TRW MPY112K 


 Two’s Complement or Unsigned 
Operands 


QO Three-State Outputs 


1 Available Screened to. MIL-STD- 
883, Class B 


QO) Package Styles Available: 
e 48-pin Plastic DIP 
¢ 48-pin Sidebraze, Hermetic DIP 
¢ 52-pin Plastic LCC, J-lead 





The LMU112 is a high-speed, low 
power, 12-bit parallel multiplier built 
using advanced CMOS technology. 
The LMU112 is pin and functionally 
compatible with TRW’s MPY112K. 


The A and B input operands are 
loaded into their respective registers 
on the rising edge of the separate 
clock inputs (CLK A and CLK B). 
Two’s complement or unsigned 
magnitude operands are accommo- 
dated via the operand control bit, TC, 
which is loaded along with the B 
operands. The operands are specified 


TC Bit-Bo 


FORMAT ADJUST 


R23—Re 





to be in two’s complement format 
when TC is asserted and unsigned 
magnitude when TC is de-asserted. 
Mixed mode operation is not allowed. 


For two’s complement operands, the 
17 most significant bits at the output 
of the asynchronous multiplier array 
are shifted one bit position to the left. 
This is done to discard the redundant 
copy of the sign-bit, which is in the 
most significant bit position, and 
extend the bit precision by one bit. 
The result is then truncated to the 16 
MSB’s and loaded into the output 
register on the rising edge of CLK B. 


The contents of the output register are 
made available via three-state buffers 
by asserting OE. When OE is de- 
asserted, the outputs (R23—R8) are in 
the high impedance state. 
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LMU112 


12 x 12-bit Parallel Multiplier 


BIN 


AIN 
Fractional Two’s Complement (TC = 1) 
2 1 0 


20 9-1 9-2 2-9 9-10 9-11 


—20 2-1 2-2 2-9 2-10 ann 
(Sign) 


(Sign) 
—_———— Integer Two’s Complement (TC = 1) ——---------_ 
11.10 9 2 1 0 1110 9 mp2 1 0] 
22 21 20 211 210 99 2 21 20 
(Sign) 


_911 910 99 
(Sign) 


Unsigned Fractional (TC = 0) 
2 1 0 


[11 10 9 Mb 2 1 0 
Q-1 9-2 9-3 Q-10 9-119-12 Q-1 9-2 9-3 2-10 9-119-12 


Unsigned Integer (TC = 0) 
2.1 0 
oi 210 29 22 21 20 


oi 910 29 Q2 91 20 


MSP 


—__-_——— Fractional Two’s Complement 
11:10 9 8 


23 22 21 14 13 12 
_9-129-139-149-15 


20 9-1 9-2 2-9 9-109-11 
(Sign) 


(Sign) 
———_.— Integer Two’s Complement 
23 22 21 14 13 12 11:10 9 8 

210 29 28 a7 


—222 221 920 aie aie 211 
(Sign) 


—__—_-—- Unsigned Fractional -—__—_—-_____ 
1110 9 8 


14 13 12 
2-13 9-149-169-16 


o-1 Q-2 2-3 2-10 2-11 9-12 


—_——_—_——_———--—_ Unsigned Integer 
23 22 21 14 13 12 11:10 9 8 
Qi 210 2° 28 


223 222 2a 214 213 212 
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Logic Products 


LDS.112-A 


12 x 12-bit Parallel Multiplier LMU112 


—65°C to +150°C 
—55°C to +125°C 
—0.5 V to +7.0V 


Storage temperature 

Operating ambient temperature 

Vcc supply voltage with respect to ground 
Input signa! with respect to ground 

Signal applied to high impedance output 
Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75V< Vcc <5.25V 
Active Operation, Military —55°C to +125°C 4.50 V<Vcc < 5.50 V 








Symbol Parameter Test Condition in | Typ unit 


cS 
ac 
Output Low Voltage loL = 8.0 mA Le ak ee 
Se 
Ss 
OC 
loz Ground < VouT < Vcc oan +20 HA 


fos | Output Short Current VouT = Ground, Vcc = Max (Notes 4, 8) || | 250 | ma 
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12 x 12-bit Parallel Multiplier LMU112 








LMU112- 


Symbol Parameter 
Multiply Time (Clocked) 
Output Delay 
Output Enabie Time (Note 11) 


tee 
[TENA 
| tois | Output Disable Time (Note 11) 
| tew 
aes) 
hee 





Clock Pulse Width 
input Register Hold Time 
Input Register Setup Time 








Symbol Parameter 


| 55 | 
Pw [oupudeey SS SSCS~=—“—~S™S~SSCSSCCCYSC“‘ Od 
[tena [OutputEnableTine owt SSCS~=“~*~*~*~—‘—*~s~s—‘“TSC“‘a)]SOD:«=C*L:~ Cd (8 
| tis | Output Disable Time (Note 11) | of oT 

Clock Pulse Width | 200 | | 20 


| ew | 
Ce er: (i a ee ee 
oa Ea 
























Input Register Setup Time 
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12 x 12-bit Parallel Multiplier 


LMU112 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chip from dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 V and Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 





DEVICES INCORPORATED 


5. Supply current for a given applica- 
tion can beaccurately approximated by: 
NCV7F 
4 





where 


N = total number of device outputs 
C = capacitive load per output 

V =suppy voltage 

F = clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with allinputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IoL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 


a. A 0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
thechip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 


Logic Products 


LDS.112-A 








12 x 12-bit Parallel Multiplier 
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LDS.112-A 


16 x 16-bit Parallel Multiplier 


LMU16/216 





QO 45 ns Worst-Case Multiply Time 
QO Low Power CMOS Technology 


Q Replaces TRW MPY016HJ and 
AMD Am29516 


QO Two’s Complement, Unsigned, or 
Mixed Operands 


Q Three-State Outputs 


O Available Screened to MIL-STD- 
883, Class B 


Ql Package Styles Available: 
¢ 64-pin Plastic DIP 
¢ 64-pin Sidebraze, Hermetic DIP 
¢ 68-pin Plastic LCC, J-Lead 
¢ 68-pin Pin Grid Array 
¢ 68-pin Ceramic LCC (Type C) 


TCA A15—Ao 


The LMU16 and LMU216 are 16-bit 
parallel multipliers with high speed 
and low power consumption. They 
are pin and functionally compatible 
with TRW MPY016HJ and AMD 
Am29516 devices. The LMU16 and 
LMU216 are functionally identical; 
they differ only in packaging. Full 
military ambient temperature range 
operation is attained by the use of 
advanced CMOS technology. 


The LMU16 and LMU216 produce the 
32-bit product of two 16-bit numbers. 
Data present at the A inputs, along 
with the TCA control bit, is loaded 
into the A register on the rising edge 
of CLK A. B data and the TCB control 


B15—Bo/ 
Tce R1s-Ro 


FORMAT ADJUST 


MSPSEL 
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are similarly loaded by CLK B. The 
modecontrols TCA and TCB specify 
the operands as two’s complement 
when high, or unsigned magnitude 
when low. 


RND is loaded on the rising edge of 
the logical OR of CLK A and CLK B. 
RND, when high, adds '1' to the most 
significant bit position of the least 
significant half of the product. Subse- 
quent truncation of the 16 least signifi- 
cant bits produces a result correctly 
rounded to 16-bit precision. 


At the output, the right shift control 
RS selects either of two output for- 
mats: RS low produces a 31-bit 
product with a copy of the sign bit 
inserted in the MSB postion of the 
least significant half. RS high gives a 
full 32-bit product. Two 16-bit output 
registers are provided to hold the 
most and least significant halves of 
the result (MSP and LSP) as defined 
by RS. These registers are loaded on 
the rising edge of CLK M and CLK L 
respectively. For asynchronous 
output these registers may be made 
transparent by taking the feed 
through control (FT) high. 


The two halves of the product may be 
routed to a single 16-bit three-state 
output port (MSP) via a multiplexer. 
MSPSEL low causes the MSP outputs 
to be driven by the most significant 
half of the result. MSPSEL high routes 
the least significant half of the result 
to the MSP pins. In addition, the LSP 
is available via the B input port 
through a separate three-state buffer. 


The output multiplexer control 
MSPSEL uses a pin which is a supply 
ground in the TRW MPY16HJ. When 
this control is LOW (GND) the 
function is that of the MPY16HJ, thus 
allowing full compatibility. 


Logic Products 


LDS.16/216-A 





16 x 16-bit Parallel Multiplier LMU16/216 


AIN BIN 
Fractional Two’s Complement (TCA, TCB = 1) 
15 14 13 2 1 0 


—2° 2-1 2-2 2-13 Q-14 2-15 —20 2-1 2-2 2-13 9-14 2-15 
(Sign) (Sign) 


integer Two’s Complement (TCA, TCB = 1) 
15 14 13 21 0 


—215 214 213 22 21 20 —215 214 213 22 21 20 
(Sign) (Sign) 


Unsigned Fractional (TCA, TCB = 0) 


2 i 0 
2-1 9-2 9-3 2-14 9-159-16 Q-1 9-2 9-3 Q-14 9-159-16 


Unsigned Integer (TCA, TCB = 0) 


215 ata 213 22 21 20 215 214 213 22 21 20 


MSP LSP 
Fractional Two’s Complement (RS = 0) 


1/31 30 29 mp 18 17 16 15 14 13 
—2° 2-1 2-2 2-13 2-14 2-15 —2° 2-16 2-17 2-28 2-29 2-30 
(Sign) (Sign) 

Fractional Two’s Complement—Shifted (RS = 1) 


18 17 16 2 1 0 
-2!1 20 2-1 2-12 2-13 Q-14 2-15-16 2-17 2-28 2-29 2-30 
(Sign) 
Integer Two’s Complement (RS = 1) 


18 17 16 15 14 13 
—231 230 229 2 18 217 216 215 214 213 22 2! 20 
(Sign) 
Unsigned Fractional (RS = 1) 


18 17 16 2.1.0 


2-1 2-2 2-3 a-14 2-159-16 2-17 2-18 2-19 2-30 2-st 2-32 


Unsigned Integer (RS = 1) 


18 17 16 


a3 230 229 218 217 216 215 214 213 22 21 20 
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16 x 16-bit Parallel Multiplier LMU16/216 


—65°C to +150°C 
—55°C to +125°C 
—0.5 V to +7.0V 


Storage temperature 
Operating ambient temperature 

Vcc supply voltage with respect to ground 
Input signal with respect to ground 

Signal applied to high impedance output 
Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
0°C to +70°C 4.75 V<Vcc <5.25V 


Active Operation, Commercial 
4.50 V<Vcc <5.50V 


Active Operation, Military —55°C to +125°C 


Symbol Parameter Test Condition min | typ | Max | unt 


[i [emmievae [eso fast |v 
Pie [Somatonisies [onsen || 
a 
a 
Pe [rewcron commensal 
Fer_[erpninsamGnen | Gendevorsvee | | om 
pes 












H+ 


He 
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3 | > 


Output Short Current VOUT = Ground, Vcc = Max (Notes 4, 8) pf | 250] ma | 
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3 
> 
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16 x 16-bit Parallel Multiplier LMU16/216 


4 ERCIAL Op GE 


LMU16/216- 
Symbol Parameter 


[1 [Oupetdeay SS SSSC* 
tenn | Outpt Enable Tine Wate 7d 
Fos | Output Diablo Tine Wee Hy 
Pe 
cm 
<a 






uN i Ns. 
LMU16/216- 

| StC<‘iL(‘#§$SU’CW @S—“ ‘ tT) STC 

Symbol Parameter | Max | 


ie ain [he 
F tic _[Mutiply Tine (Cocke) ———SC~=~‘“SCSC‘“‘([' ~~~ os | 
Ftwse | Unclcked Mutipy Time | S| 
to [ouiputosey SS SCSC~CSCS~‘ir 
coma 
a oe Le 











tena | Output Erle Tine Woe) 

wos [Oust cable Tine net) SiS YS 
ew [Cock Puccwah——SS*d | 
cer es ae 
re] Se 











Input Register Hold Time 
Input Register Setup Time 


Ss : WAVEFORMS __ 





INPUT 


CLKA 
CLKB 


CLKL 
CLK M 


MSPSEL 
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LDS.16/216-A 


16 x 16-bit Parallel Multiplier 


LMU16/216 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 Vand Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tion can beaccurately approximated by: 
NCV?F 
4 





where 


N = total number of device outputs 
C = capacitive load per output 

V =suppy voltage 

F =clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, caremust be exercised in the 
testing of this device. The following 
measures are recommended: 
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a. A0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
thechip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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16 x 16-bit Parallel Multiplier LMU16 


A4 
A3 
A2 
Aj 
a a 
OEL lO 
NC CLKB OEL 
CLK L as iy 
CLK B OE @ 
Ro,Bo R,Bo CLKL 
R1,B1 
R2,B2 
R3,B3 
R4,B4 
R5,B5 
R6,B 
AB? Top View 
Re,68 Through Package 
cee (i.e., Component Side Pinout) 
R11,B11 MSPSEL 
R12,B12 
R13,B13 
R14,B14 
R15,B15 
Rie 
R17 ry 
R18 2 ae 
R19 R30 CLK M OEM 
R20 (2-0) 
R21 R31 NC 
R22 
R23 


5.) 
7 oh 


m4 “s, 
7004 
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~ LMUt6DCE5 LMU16GC65 
a a 55 J “ 55 
7" "45 as NaS 
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a a“ 65 Lt " 65 
a a 55 n a 55 
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LMU216 








16 x 16-bit Parallel! Multiplier 


45 
44 


31 32 33 34 41 42 43 


LMU216KC65 
a a 55 


LMU216JC65 
‘ " 55 
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LMU216KM75 
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Q 45 ns Worst-Case Multiply Time 
Q Low Power CMOS Technology 
( Replaces AMD Am29517 


QO Single Clock Architecture with 
Register Enables 


QO Two’s Complement, Unsigned, or 
Mixed Operands 


Q Three-State Outputs 


Oy Available Screened to MIL-STD- 
883, Class B 


() Package Styles Available: 
¢ 64-pin Plastic DIP 
¢ 64-pin Sidebraze, Hermetic DIP 
¢ 68-pin Plastic LCC, J-Lead 
¢ 68-pin Pin Grid Array 
¢ 68-pin Ceramic LCC (Type C) 


TCA A1s-Ao 


joa 
tw 
ra 
7 
o 
uw 
4 


MSPSEL 
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The LMU17 and LMU217 are 16-bit 
parallel multipliers with high speed 
and low power consumption. They 
are pin and functionally compatible 
with AMD Am29517 devices. The 
LMU17 and LMU217 are functionally 
identical; they differ only in packag- 
ing. Full military ambient tempera- 
ture range operation is attained by the 
use of advanced CMOS technology. 


The LMU17 and LMU217 produce the 
32-bit product of two 16-bit numbers. 
Data present at the A inputs, along 
with the TCA control bit, is loaded 
into the A register on the rising edge 
of CLK A. B data and the TCB control 
are similarly loaded. Loading of the 
A and B registers is controlled by the 


B1s—Bo/ 
Top Rts—Ro 


Rai-Ri6 
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LMU17/217 





ENA and ENB controls. When high, 
these prevent application of the 
clock to the respective register. The 
mode controls TCA and TCB specify 
the operands as two’s complement 
when high, or unsigned magnitude 
when low. 


RND is loaded on the rising edge of 
CLK, providing either ENA or ENB 
are low. RND, when high, adds '1' to 
the most significant bit position of the 
least significant half of the product. 
Subsequent truncation of the 16 least 
significant bits produces a result 
correctly rounded to 16-bit precision. 


At the output, the right shift control 
RS selects either of two output for- 
mats: RS low produces a 31-bit 
product with a copy of the sign bit 
inserted in the MSB postion of the 
least significant half. RS high gives a 
full 32-bit product. Two 16-bit output 
registers are provided to hold the 
most and least significant halves of 
the result (MSP and LSP) as defined 
by RS. These registers are loaded on 
the rising edge of CLK, subject to the 
ENR control. When ENR is high, 
clocking of the result registers is 
prevented. For asynchronous output 
these registers may be made transpar- 
ent by taking the feed through control 
(FT) high. 


The two halves of the product may be 
routed to a single 16-bit three-state 
output port (MSP) via a multiplexer. 
MSPSEL low causes the MSP outputs 
to be driven by the most significant 
half of the result. MSPSEL high routes 
the least significant half of the result 
to the MSP pins. In addition, the LSP 
is available via the B input port 
through a separate three-state buffer. 
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LMU17/217 


16 x 16-bit Parallel Multiplier 


BIN 


AIN 
Fractional Two’s Complement (TCA, TCB = 1) 


15 14 13 2 1 0 


20 9-1 9-2 2-13-14 9-15 -20 9-1 9-2 2-139-14 9-15 
(Sign) 


(Sign) 
Integer Two’s Complement (TCA, TCB = 1) 


15 14 13 15 14 13 
20 —215 214 213 Q2 21 2° 


218 914 913 22 91 
(Sign) (Sign) 


Unsigned Fractional (TCA, TCB = 0) 
2 1 0 


15 1413 mp 2 1 0] 

2-1 Q-2 2-3 2-14 2-15 9-16 2-1 2-2 2-3 a-14 2-15 9-16 

—____--——— Unsigned Integer (TCA, TCB = 0) ———_________- 

15 14 13 15 1413p 2 1 0] 
20 215 214 213 22 21 20 


215 ota 213 22 21 


MSP LSP 


Fractional Two’s Complement (RS = 0) 
18 17 16 
—20 2-1 2-2 2-13 2-14 at —20 2-16 2-17 2-28 2-29 2-30 
(Sign) (Sign) 
Fractional Two’s Complement—Shifted (RS = 1) 


18 17 16 
Q-159-16 9-17 9-28 9-29 9-30 


-21 20 2-1 2-12 Q-13 Q-14 


(Sign) 
Integer Two’s Complement (RS = 1) 


18 17 16 15 14 13 
215 914 913 22 91 90 


218 O17 916 


—231 230 229 
(Sign) 
—__—____—————— Unsigned Fractional (RS = 1) 


18 17 16 
Q-179-189-19 9-30 9-31 9-32 


Q-14 2-15 2-16 


: 


at 222° 
Unsigned Integer (RS = 1) 
2 i 0 


18 17 16 
215 914 913 22 91 90 


231 230 929 218 O17 216 
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LDS.17/217-A 


16 x 16-bit Parallel Multiplier LMU17/217 


—65°C to +150°C 
—55°C to +125°C 
—0.5 V to +7.0 V 


Storage temperature 

Operating ambient temperature 

Vcc supply voltage with respect to ground 
Input signal with respect to ground 

Signal applied to high impedance output 
Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75V<Vcc <5.25V 
Active Operation, Military —55°C to +125°C 4.50V<Vcc <5.50V 
















Symbol Parameter Test Condition 


cy 
usa ret Tt 
Cec 
| x | Input Curent Ground < VIN < Vcc 
Ground < Vout < Voc 
} os | Output Short Current VOUT = Ground, Vcc = Max (Notes 4, 8) 
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16 x 16-bit Parallel Multiplier LMU17/217 


LMU17/217- 


Symbol Parameter 


Pio [OutputDelay 
[101s | Output Disable Time Wow 11) 
View| Clock Pulse Wish CS 
tt | inputRegistor HoidTime 
ris 









Input Register Setup Time 





AS, 
LMU17/217- 
| S| CT 
Symbol Parameter 


Lae 
| tc | Multiply Time (Clocked) | | 









[tue | Unlocked Mutiply Time ——=SsSS=~dtC*‘“‘*d:C=CéC* 
Pi [Ouputdeay——SSSCSC=C“~“~*s*~—s~é~‘~sSSC‘“‘(;*‘CSC* 
Fase | Output Select Dey ———=SC~—“—~SsSSC“‘“(g! CCS 
TENA | Output Enable Time Weis) ———SSC~=~irtCSCi‘“‘*dC SC 
[fois | Output Disable Time Note 11) ——S~dCSSSC*dC 
tow | Glock Pulse Wish ———sSSSSSSCS~dC | 
Pt | IputRegisterHoldTime ——=Ss=~=~—~sdSCi‘ S*dSCSCS 
[ts | Input Register Setup Time _——=SsS~—rCi 
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16 x 16-bit Parallel Multiplier 


LMU17/217 








1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
—0.6 V and Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tion can be accurately approximated by: 
NCV?F 
4 





where 


N = total number of device outputs 
C =capacitive load per output 

V =suppy voltage 

F = clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 
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a. A0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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16 x 16-bit Parallel Multiplier 
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LMU17 


Top View 
Through Package 
(i.e., Component Side Pinout) 
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16 x 16-bit Parallel Multiplier LMU217 
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16 x 16-bit Parallel Multiplier 





(4 35 ns Worst-Case Multiply Time 
1) Low Power CMOS Technology 


Q) Full 32-bit Output Port — 
No Multiplexing Required 


 Two’s Complement, Unsigned, or 
Mixed Operands 
(1 Three-State Outputs 


(J Available Screened to MIL-STD- 
883, Class B 


Q) Package Styles Available: 


¢ 84-pin Plastic LCC, J-Lead 
¢ 84-pin Pin Grid Array 


TCA Ats—-Ao 


The LMU18 is a 16-bit parallel multi- 
plier featuring high speed and low 
power consumption. The LMU18 is 
an 84-pin device which provides 
simultaneous access to all outputs. 
Full military ambient temperature 
range operation is attained by the use 
of advanced CMOS technology. 


The LMU18 produces the 32-bit 
product of two 16-bit numbers. Data 
present at the A inputs, along with the 
TCA control bit, is loaded into the A 
register on the rising edge of CLK A. 
B data and the TCB control are simi- 
larly loaded. Loading of the A and B 


TCB Bis-Bo 
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registers is controlled by the ENA and 
ENB controls. When high, these 
prevent application of the clock to the 
respective register. The mode controls 
TCA and TCB specify the operands as 
two’s complement when high, or 
unsigned magnitude when low. 


RND is loaded on the rising edge of 
CLK, providing either ENA or ENB 
are low. RND, when high, adds 1 to 
the most significant bit position of the 
least significant half of the product. 
Subsequent truncation of the 16 least 
significant bits produces a result 
correctly rounded to 16-bit precision. 


At the output, the right shift control 
RS selects either of two output for- 
mats: RS low produces a 31-bit 
product with a copy of the sign bit 
inserted in the MSB postion of the 
least significant half. RS high gives a 
full 32-bit product. Two 16-bit output 
registers are provided to hold the 
most and least significant halves of 
the result (MSP and LSP) as defined 
by RS. These registers are loaded on 
the rising edge of CLK, subject to the 
ENR control. When ENR is high, 
clocking of the result registers is 
prevented. For asynchronous output 
these registers may be made transpar- 
ent by taking the feed through control 
(FT) high. 





The two halves of the product may be 
routed to a single 16-bit three-state 
output port (MSP) via a multiplexer. 
MSPSEL low causes the MSP outputs 
to be driven by the most significant 
half of the result. MSPSEL high routes 
the least significant half of the result 
to the MSP pins. The MSB of the 
result is available in both true and 
complemented form to aid implemen- 
tation of higher precision multipliers. 
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16 x 16-bit Parallel Multiplier LMU18 


AIN BIN 
Fractional Two’s Complement (TCA, TCB = 1) 


2 1 0 15 1413m 2 1 0| 
—2° 2-1 Q-2 2-13 9-14 2-15 —20 2-1 Q-2 2-13 2-14 2-15 
(Sign) (Sign) 


integer Two’s Complement (TCA, TCB = 1) 


[5 14 13 2 1 0 | 15 14 13M 2 1 0 


—215 214 213 22 21 20 —215 214 213 22 21 20 
(Sign) (Sign) 


—___—_—————- Unsigned Fractional (TCA, TCB = 0) 


115 14 13 2 1 0 | 


o-1 Q-2 2-3 Q-14 9-15 9-16 2-1 2-2 2-3 Q-14 2-159-16 


——__——_—_ Unsigned Integer (TCA, TCB = 0) 


15 14 13 2 1 0 


215 214 213 92 21 20 215 Qi4 213 22 21 20 


MSP LSP 
Fractional Two’s Complement (RS = 0) 


[31 30 29 Mp 18 17 16 
—2° 2-1 2-2 2-13 2-14 2-15 —2° 2-16 2-17 2-28 2-29 2-30 
(Sign) (Sign) 

Fractional Two’s Complement—Shifted (RS = 1) 


18 17 16 15 14 13 
—2' 20 2-1 2-12 2-13 2-14 2-15-16 2-17 2-28 2-29 2-30 
(Sign) 
—_—.— Integer Two’s Complement (RS = 1) 


18 17 16 
—231 230 229 218 217 216 215 2i4 213 22 21 20 
(Sign) 
——____—— Unsigned Fractional (RS = 1) 


2-1 2-2 2-3 Q-14 2-15 9-16 2-17 2-18 2-19 2-30 2-31 2-32 


—_——————— Unsigned Integer (RS = 1) 


31 30 29 18 17 16 2 1 0 


231 230 228 218 217 216 215 214 213 22 21 2o 
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16 x 16-bit Parallel Multiplier LMU18 


Storage temperature —65°C to +150°C 
—55°C to +125°C 


Operating ambient temperature 
Vcc supply voltage with respect to ground -0.5 V to +7.0 V 
Input signal with respect to ground —3.0 V to +7.0 V 
Signal applied to high impedance output 

Output current into low outputs 

Latchup current 


Temperature Range (Ambient) Supply Voltage 
0°C to +70°C 4.75V<Vcc <5.25V 


—55°C to +125°C 4.50 V < Vcc < 5.50 V 


Mode 
Active Operation, Commercial 
Active Operation, Military 


Symbol Parameter Test Condition atin | 
pve [owmnvene [ireaom fa) 
a 
reowwsvorsvee || 


(Notes 5, 6) 
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16 x 16-bit Parallel Multiplier LMU18 


LMU18- 


Symbol Parameter 


Multiply Time (Clocked) 
Unclocked Multiply Time 


| to | Output Delay 


Output Select Delay 












Symbol Parameter 


Multiply Time (Clocked) 













i 
eee) 
F twue"| Unctocked Mulipy Time 
Ftp | OuputDeay ——SSSCSC~S~S~—SO 
[isei_| OunpurSelect Delay 


Output Enable Time (Note 11) 





a 
| Output Disable Time (Note 11) | | 
Glock Pulse Width | 20 | 
a eee 

15 | 


| tois | 
| tpw | 
| tH | InputRegisterHold Time 
[ts 





Input Register Setup Time 
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16 x 16-bit Parallel Multiplier 


LMU18 








1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
vec will be clamped beginning at 
-0.6 V and Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tion can beaccurately approximated by: 
NCV7F 
4 





where 


N = total number of device outputs 
C =capacitive load per output 

V =suppy voltage 

F = clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with allinputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIS test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 
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a. A 0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vcc 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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16 x 16-bit Parallel Multiplier LMU18 





Through Package 
(.e., Component Side Pinout) 
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Plastic J-Lead Pin Grid Array 
Chip Carrier (J3) (G3) 
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12 x 12-bit Multiplier-Accumulator 


LJ 45 ns Worst-Case Multiply- 
Accumulate Time 

(1 Low Power CMOS Technology 

QO Replaces TRW TDC1009 

Q Two’s Complement, Unsigned, or 
Mixed Operands 

Ly Accumulator Performs Load, 
Accumulate, Subtract 

Q Three-State Outputs 

QO Available Screened to MIL-STD- 
883, Class B 

© Package Styles Available: 
¢ 64-pin Plastic DIP 
¢ 64-pin Sidebraze, Hermetic DIP 

68-pin Plastic LCC, J-Lead 

¢ 68-pin Pin Grid Array 

* 68-pin Ceramic LCC (Type C) 


ACC, CLK 
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The LMA1009 and LMA2009 are 
12-bit CMOS multiplier-accumulators. 
They are pin-for-pin equivalent to the 
TRW TDC1009 bipolar multiplier- 
accumulator. Full ambient tempera- 
ture range operation is achieved by 


the use of advanced CMOS technology. 


The LMA1009 and LMA2009 produce 
the 24-bit product of two 12-bit 
numbers. The results of a series of 
multiplications may be accumulated 
to form the sum of products. Accu- 
mulation is performed to 27-bit preci- 
sion with the multiplier product sign 
extended as appropriate. 


Data present at the A and B input 
registers (12 bits) is latched in on the 


R23—Ri2 


R2e—-R2e R11-Ro 





LMA1009/2009 





rising edges of CLK A and CLK B 
respectively. RND, TC, ACC, and 
SUB controls are latched on the rising 
edge of the logical OR of CLK A and 
CLK B. The TC control specifies the 
input as two’s complement (TC high) 
or as unsigned magnitude (TC low). 
RND, when high, adds ‘1’ to the most 
significant bit position of the least sig- 
nificant half of the product. Subse- 
quent truncation of the 12 least 
significant bits produces a result 
correctly rounded to 12-bit precision. 


The ACC and SUB inputs control 
accumulator operation. Assertion of 
ACC results in addition of the multi- 
plier result and the accumulator 
contents, with the result stored in the 
accumulator register at the rising edge 
of CLK R. ACC and SUB high results 
in subtraction of the accumulator 
contents from the multiplier product, 
with the result again stored in the 
accumulator. With ACC low, no 
accumulation occurs and the next 
product is loaded directly into the 
output register. 


The LMA1009 and LMA2009 output 
(accumulator) register is divided into 
three independently controlled 
sections. The least significant result 
(LSR) and most significant result 
(MSR) registers are 12 bits in length. 
The extended result register (XTR) is 
3 bits long. 


Each output register has an independ- 
ent output enable control. In addition 
to providing control of the three-state 
output buffers, when OEX, OEM, or 
OEL are high and PREL is high, data 
can be preloaded via the bidirectional 
output pins into the respective out- 
put registers, Data present on the 
output pins is loaded in on the rising 
edge of CLK R. The interrelation of 
PREL and the enable controls is sum- 
marized in the preload truth table. 
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12 x 12-bit Multiplier-Accumulator LMA1009/2009 


AIN BIN 
ee Two’s Complement (TC = — 
11110 9 ® 11110 9 ® 
—20 2-1 2-2 as 2- -10 o-" —20 2-1 9-2 ee 2- -10 enn 
(Sign) (Sign) 


ri 
a 
m 
= 
a 
a 


XTR MSR LSR 


OUT OUT 
OUT OUT 
OUT Z 
OUT 


Unsigned Fractional (TC = 0) 


o-1 2-2 2-3 2-10 2-19-12 2-1 2-2 2-3 2-10 2-119-12 


integer Two’s Complement (TC = 1) 


—211 910 99 92 91 90 a 29 22 91 90 
(Sign) gn 


See Integer (TC = 0) ——-——_——_ 

OUT = Register available on output pins 

Z = High impedance state [1110 9 8 [11 10 9 M2 71 0] 
PREL = Data can be preloaded to appropriate 211 910 99 22 a 20 211 910 99 22 91 90 
register 


Brrrrrrcrrrrrerererer 
Dre ere Ler eee ee 
Brier rirre rier itierer 
DBeotrrwrertr@rr@roririer 





MSR LSR 


Fractional Two’s Complement —————_—_—_—- 


|23 22 21 mp 14 13 12] 114110 9 ® 


-24 23 92 21 90 9-1 2-8 2-99-10 2-119-129-13 9-20 eee 
(Sign) 


Unsigned Fractional 


26 25 24 


22 21 20 21 2-2 2-3 2-10 2-119-12 2-13 2-14 2-15 2-22 2-239-24 


Integer Two’s ee ee 


26 25 24 }23 22 218 11110 9 & 


aa 225 924 223 922 921 i 1s 213 912 Qi1 910 99 e210 2! 90 
ign 


Unsigned Integer 


226 225 224 923 222 221 214 213 2i2 ai 210 29 22 21 20 
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12 x 12-bit Multiplier-Accumulator LMA1009/2009 





Storage temperature —65°C to +150°C 


Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground -0.5 V to +7.0V 
Input signal with respect to ground -3.0 V to +7.0 V 
Signal applied to high impedance output -3.0 V to +7.0 V 


Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75V<Vcc <5.25V 
Active Operation, Military —55°C to +125°C 4.50 V <Vcc <5.50V 













Symbol Parameter Test Condition 


Output High Voltage IOH = —2.0 mA 
Output Low Voltage loL = 8.0 mA 


Sa 













PP resci—[ommesiave 
Ground < Vout < Vcc 

VOUT = Ground, Vcc = Max (Notes 4, 8) = —2 
Pea [Vetiwnipene Pome 
[ese | wecnenommer | een 
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12 x 12-bit Multiplier-Accumulator LMA1009/2009 





LMA1009/2009- 






Output Delay 
tENA | Output Enable Time (Note 11) 


coe 
Pena 
[tos | Output Disab Time Woe) 
ee 
ee 


t 
t Input Register Hold Time 

Preload Hold Time 

Input Register Setup Time 


| tsp | Preload Setup Time 
Clock Pulse Width 


Mi : 













Symbol Parameter 


ft [oupudey Sd 
tena [Output Enable Tne Wee) 
[tos | Ouput Disable Tine Were) | 
[tx [Input RogisteHoldTine 
Pwr | PrebedHodtime 
a8 [put Rogier SctipTine 
er 
Pew 










Preload Setup Time 
Clock Pulse Width 





INPUTS 
A,B 

CLK A 

CLK B 
CLK R 
DATA OUT 


PRELOAD DATA 


PREL, OEX 
OEM, OEL 


OE 


R OUTPUTS HIGH IMPEDANCE 
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12 x 12-bit Multiplier-Accumulator 


LMA1009/2009 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chip from dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 V and Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tion can be accurately approximated by: 
NCV?F 
4 





where 


N = total number of device outputs 
C =capacitive load per output 

V =suppy voltage 

F = clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 
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a. A0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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12 x 12-bit Multiplier-Accumulator LMA1009 


Top View 
Through Package 
(i.¢., Component Side Pinout) 
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12 x 12-bit Multiplier-Accumulator LMA2009 
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LMA1010/2010 





Q 45 ns Worst-Case Multiply- 
Accumulate Time 

{1 Low Power CMOS Technology 

lI Replaces TRW TDC1010 and AMD 
Am29510 

1 Two’s Complement, Unsigned, or 
Mixed Operands 

{) Accumulator Performs Load, 
Accumulate, Subtract 

(4 Three-State Outputs 

Available Screened to MIL-STD- 
883, Class B 

QO) Package Styles Available: 
¢ 64-pin Plastic DIP 
¢ 64-pin Sidebraze, HermeticDIP 
¢ 68-pin Plastic LCC, J-Lead 
e 68-pin Pin Grid Array 
¢ 68-pin Ceramic LCC (Type C) 


RND, TC 


ACC, SUB 
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The LMA1010 and LMA2010 are 

high speed, low power multiplier- 
accumulators (MACs). They are 
pin-for-pin equivalent to the TRW 
TDC1010 and the AMD AM29510 
bipolar multiplier accumulators. The 
LMA1010 and LMA2010 are function- 
ally identical; they differ only in pack- 
aging. Full military ambient tempera- 
ture range operation is achieved with 
advanced CMOS technology. 


The LMA1010 produces the 32-bit 
product of two 16-bit numbers. The 
results of a series of multiplications 
may be accumulated to form the sum 
of products. Accumulation is per- 
formed to 35-bit precision with the 
multiplier product sign extended as 
appropriate. 


Rs4—R32 


Rs1i—Rie 
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Data present at the A and B inputs is 
loaded into the input registers on the 
rising edges of CLK A and CLK B re- 
spectively. RND, TC, ACC, and SUB 
controls are loaded on the rising edge 
of the logical OR of CLK A and 

CLK B. The TC control specifies the 
input as two’s complement (TC high) 
or unsigned magnitude (TC low). 
RND, when high, adds '1' to the most 
significant bit position of the least 
significant half of the product. Subse- 
quent truncation of the 16 least signifi- 
cant bits produces a result correctly 
rounded to 16-bit precision. 


The ACC and SUB inputs control 
accumulator operation. Assertion 

of ACC results in addition of the 
multiplier result and the accumulator 
contents, with the result stored in the 
accumulator register at the rising edge 
of CLK R. ACC and SUB high results 
in subtraction of the accumulator 
contents from the multiplier product, 
with the result again stored in the 
accumulator. With ACC low, no 
accumulation occurs and the next 
product is loaded directly into the 
output register. 


The LMA1010 output (accumulator) 
register is divided into three inde- 
pendently controlled sections. The 
least significant result (LSR) and most 
significant result (MSR) registers are 
16 bits in length. The extended result 
register (XTR) is 3 bits long. The LSR 
output pins are multiplexed with the 
B input pins. 

Each output register has an independ- 
ent output enable control. In addition 
to providing three-state control of the 
output buffers, when OEX, OEM, or 
OEL are high and PREL is high, data 
can be preloaded via the bidirectional 
output pins into the respective output 
registers. Data present on the output 
pins is loaded in on the rising edge of 
CLK R. The interrelation of PREL and 
enable controls is summarized in the 
preload truth table. 
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16 x 16-bit Multiplier-Accumulator LMA1010/2010 


AIN BIN 
ae Se Two’s Complement (TC = a 


115 14 13m 115 14 13m 


—20 9-19-2 2- 212 -14 9-15 —20 9-1 9-2 2- 2 -14 er 
(Sign) (Sign) 


XTR MSR LSR 


o 
m 
x 
fe) 
m 
= 
ie) 
m 


OUT OUT OUT 
OUT OUT 2Z 
OUT Z OUT 
OUT z 
OUT 


a Fractional (TC = 0) 


[514 i3s@b 2 1 0] [15 14 13M 2 7 0] 


2-1 9-2 2-3 e212 2-15 9-16 2-1 2-2 2-3 2- -14 2 159-16 


Integer Two’s Complement (TC = 1) 


—215 214 213 22 21 2° —215 oi4 213 22 21 20 
(Sign) (Sign) 


mBrrrrrrrrerrerreree 
ERrrrrrrrtrrrIereerer 
Teer eweerrrrrertire 
Te@errrreererrrwriririer 





ae Integer (TC = 0) ——————_- 


OUT = Register available on output pins 

Z = High impedance state 15 115 14 13% 13 [15 1413p 2 1 04 
PREL = Data can be preloaded to appropriate 215 914 913 ee 21 90 215 914 913 22 91 90 
register 





XTR MSR LSR 


Fractional Two’s Complement ———~———————- 


34 33 32] [3130 290m 18 1716] [15 141302 1 0] 


Be 23 92 21 90 9-1 2-12 9-139-14 2-18 9-16 D-17  9-28 9-299-30 
Sign) 


Unsigned Fractional 


22 21 20 2-1 2-2 2-3 2-14 2-1590-16 2-17 D-18 2-19 2-30 2 -319-32 


Integer Two’s Complement ———_——————————_ 


[3433 32] [31 30 20 Mb 18 17 16] [15 14 13 2 10 | 


as 233 932 231 930 929 218 917 916 25 214 913 2? 2! 2° 
gn 


Unsigned Integer 


as 233 232 an 230 229 218 217 216 21s 214 213 22 21 20 
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16 x 16-bit Multiplier-Accumulator LMA1010/2010 








Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground -0.5 Vto+7.0V 
Input signal with respect to ground ~-3.0 V to +7.0 V 
Signal applied to high impedance output -3.0 V to +7.0 V 


Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75 V<Vcc < 5.25 V 
Active Operation, Military —55°C to +125°C 4.50 V<Vcc < 5.50 V 













Symbol Parameter Test Condition in | Typ 


ier 
Fem [omnia [omnes fae 
Pe [eiesiowie mete iY 
Pw [rewind 
Pw [rewionone ome i wa 
mc 





[ee [oven Goes Guoeevaraves || 
| tos | Output Short Current VouT = Ground, Vcc = Max (Notes 4, 8) a oe —250 
[eos [vicmonoinen [wen YC 





_ a as 
awe ae 
= ma 
= 
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16 x 16-bit Multiplier-Accumulator LMA1010/2010 





LMA1010/2010- 
Symbol Parameter 


fo [OuputBeey 
[tena | OuputEnabie Tine Wate 
[tos | Guput Disable Time Woe Hy 
it [nputRegisorHoldTime 
Pee [PretadHodTime 
fis | iputRegiserSeupTine 
fis [PreladSctpTime 
[ew [Clock Puls Width 


Mu i ; 


Symbol Parameter 


to [Ouputdeey 
[os [Output Disab Tine Wane) =| 
PtH [nputRegisterHidTine | 
is [nputRegiserseupTine = 
tee [PrekadScupTime id 
[ew | Giock Poise Wath SS 





INPUTS 
A,B 


CLKA 
CLKB 


CLK R 


tsp 
DATA OUT 


to 
PRELOAD DATA 
OEM, OEL 
OE 


tors 
R OUTPUTS HIGH IMPEDANCE 
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16 x 16-bit Multiplier-Accumulator 


LMA1010/2010 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 Vand Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


DEVICES INCORPORATED 


5. Supply current for a given applica- 
tion can be accurately approximated by: 
NCV?F 
4 





where 


N = total number of device outputs 
C =capacitive load per output 

V =suppy voltage 

F = clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with allinputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIS test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 
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a. A 0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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16 x 16-bit Multiplier-Accumulator LMA1010 


Ro,Bo 
R1,Bi 
R2,B2 
R3,B3 
R4,B4 
R5,B5 
R6,B6 
R7,B7 Top View 
a Through Package 
R9,Bg (.e., Component Side Pinout) 
R10,B10 
R11,B11 
R12,B12 
Ri3,B13 
R14,B14 
R15,B15 
Ri6 
R17 a {) 
R18 Reo Ree Ra 
R19 ry Ty I 
Rot Rig Rat i Res R31 
R22 
R23 








LMA1 01 OPC6S 
i 55 
45 


~ LMA10100M75 LMA1 010GM75 
"65 n 65 
Li a ” 55 


LMA1 010GME75 
. 65 


| LMA1010DMB75 
"65 
a a 55 
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16 x 16-bit Multiplier-Accumulator LMA2010 





R2,B2 
R3,B3 
R4,B4 
R5,B5 
Re,Be 
R7,B7 
GND 
GND 
Rs,B8 
R9,B9 
R10,B 10 
R11,B11 
R12,B 12 
R13,B 13 
R14,B 14 
R15,B15 
Ri6 


LMA201 OJCES LMA201 OKC65 
i 55 "55 
‘ 7 45 7 : 45 


"LMA2010KM75 


LMA201 OKME75 
"65 
e a 55 


LMA201 OKM B75 
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12-bit Cascadable Multiplier-Accumulator 





Q 12 x 12-bit Multiplier with Pipe- 
lined 26-bit Output Summer 

{ Summer has 26-bit Input Port Fully 
Independent from Multiplier 
Inputs 

{1 Cascadable to Form Video Rate FIR 
Filter with 3-bit Headroom 


L) A, B, and C Input Registers Sepa- 
rately Enabled for Maximum 
Flexibility 

L) 25 MHz Data Rate for FIR Filtering 
Applications 

Q) High Speed, Low Power CMOS 
Technology 


QO Package Styles Available: 
¢ 84-pin Plastic LCC J-Lead 
¢ 84-pin Grid Array 


The LMS12 is a high speed 12 x 12-bit 
combinatorial multiplier integrated 
with a 26-bit adder in a single 84-pin 
package. It is an ideal building block 
for the implementation of very high 
speed FIR filters for video, RADAR, 
and other similar applications. The 
LMS12 implements the general form 
(AeB)+C. Asa result, it is also useful 
in implementing polynomial approxi- 
mations to transcendental functions. 


Architecture 


A block diagram of the LMS12 is 
shown below. Its major features are 
discussed individually in the follow- 
ing paragraphs. 

Multiplier 


The A11—A0 and Bi1-Bo inputs to the 
LMS12 are captured at the rising edge 


12 


A REGISTER B REGISTER 


PRODUCT REGISTER 


C REGISTER 
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of the clock in the 12-bit A and B input 
register, respectively. These registers 
are independently enabled by the 
ENA and ENB inputs. The registered 
input data are then applied toa 

12 x 12-bit multiplier array, which 
produces a 24-bit result. Both the 
inputs and outputs of the multiplier 
are in 2’s complement format. The 
multiplication result forms the input 
to the 24-bit product register. 


Summer 


The C25-Co inputs to the LMS12 form 
a 26-bit 2’s complement number 
which is captured in the C register at 
the rising edge of the clock. The C 
register is enabled by assertion of the 
ENC input. The summer is a 26-bit 
adder which operates on the C 
register data and the (sign extended) 
contents of the product register to pro- 
duce a 26-bit sum. This sum is 
applied to the 26-bit S register. 


Output Multiplexer 


The FTS input controls a multiplexer 
which selects the data to be output on 
the $25-So lines. When FTS is as- 
serted, the summer result is applied 
directly to the S output port. When 
FTS is deasserted, the multiplexer 
selects the S register for output on the 
S port, effecting a one-cycle delay of 
the summer result. The S output port 
can be forced to a high impedance 
state by driving the OE control line 
high. FTS would be asserted for con- 
ventional FIR filter applications, how- 
ever the insertion of zero-coefficient 
filter taps may be accomplished by ne- 
gating FTS. Negating FTS also allows 
application of the same filter transfer 
function to two interleaved datas- 
treams with successive input and 
output sample points occurring on 
alternate clock cycles. 
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12-bit Cascadable Multiplier-Summer 


Applications 


The LMS12 is designed specifically for 
high speed FIR filtering applications 
requiring a throughput rate of one 
output sample per clock period. By 
cascading LMS12 units, the transpose 
form of the FIR transfer function is 
implemented directly, with each of 
the LMS12 units supplying one of the 
filter weights, and the cascaded 
summers accumulating the results. 
The signal flow graph for a 5-tap FIR 
filter and the equivalent implementa- 
tion using LMS12’s is shown in Fig. 1. 
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The operation of the 5-tap FIR filter 
implementation of Fig. 1 is depicted in 
Table 1. The filter weights h4—ho are 
assumed to be latched in the B input 
registers of the LMS12 units. The x(n) 
data is applied in parallel to the A 
input registers of all devices. For 
descriptive purposes in the table, the 
A-register contents and Sum output 
data of each device is labelled accord- 
ing to the index of the weight applied 
by that device; i.e., So is produced by 
the rightmost device, which has ho as 
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LMS12 





its filter weight and A0 as its input 
register contents. Each column 
represents one clock cycle, with the 
data passing a particular point in the 
system illustrated across each row. 


Logic Products 


LDS.S12-A 


12-bit Cascadable Multiplier-Summer LMS12 





CAE sl De 


pes =m Xn Xn+1 Xn+2 ae Xn+4 Xn+5 Xn47 
Sum 4 h4Xn h4Xn-+1 h4Xn+2 h4Xn+3 h4aXn+4 h4Xn+6 
A3 Register Xn Xn+4 Xn+3 Xn+4 Xn+5 Xn+6 Xn4+7 
Sum 3 h3Xn h3Xn+2 h3Xn+3 h3Xn+4 h3Xn+5 h3Xn+6 
+ h4Xn-1 + h4Xn+1 + h4Xn+2 + h4Xn+3 + haXn+4 + h4Xn+5 


A2 Register Xn+1 Xn+2 Xn+3 Xn+4 Xn+5 Xn+6 Xn+7 
Sum 2 h2Xn h2Xn+1 h2Xn+2 h2Xn+3 h2Xn+4 h2Xn+5 h2Xn+6 
+ h3Xn-1 +h3Xn + h3Xn+1 + h3Xn+2 + h3Xn+3 + h3xn+4 + h3Xn+5 











+ h4Xn-2 + h4Xn-1 + h4aXn + haXn+1 + haXn+2 + h4Xn+3 + h4Xn+4 


Ai Register Xn+1 Xn+2 Xn+3 Xn+4 Xn+5 Xn+6 Xn4+7 


Sum 1 hiXn hiXn+1 hiXn+2 hiXn+3 hiXn+4 hiXn+5 hiXnié6 
+ h2Xn-1 + h2Xn + h2Xn+1 + h2Xn+2 + h2Xn+3 + h2Xn+4 + h2Xn+5 
+ h3Xn-2 + h3Xn-1 +h3Xn + h3Xn+1 + h3Xn+2 + h3Xn+3 + h3Xn+4 
+ h4Xn-3 + h4Xn-2 + haXn-1 + h4Xn + h4Xn+1 + h4Xn+2 + h4Xn+3 


Xn+1 Xn+2 Xn+3 Xn+4 Xn+5 Xn+6 Xn+7 


hoXn hoXn+1 hoXn+2 hoXn+3 hoXn+4 hoXn+5 hoxn+6 
+ hiXn-1 + hiXn + hiXn+1 + hi Xn+2 + htiXn+3 + hiXn+4 + hiXn+s 
+ heXn-2 + heXn-1 + h2Xn + h2Xn+1 + heXn+2 + h2Xn+3 + h2Xn+4 
+ h3Xn-3 + h3Xn-2 + h3Xn—1 + h3Xn + h3Xn+1 + h3Xn+2 + h3Xn+3 
+ haXn4 + h4Xn-3 + haXn-2 + haXn-1 + haXn + h4aXn+1 + h4Xn+2 











Cd 
aT —_ 
mE wes =e 
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12-bit Cascadable Multiplier-Summer LMS12 


Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground ~—0.5 V to +7.0 V 
Input signal with respect to ground —3.0 V to +7.0 V 
Signal applied to high impedance output 


Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75V <Vec <5.25V 
Active Operation, Military —55°C to +125°C 4.50 V < Vcc < 5.50 V 













Symbol Parameter Test Condition 


for [Omani [reson 
Pe [retin [oes 
cm [ecm 
ca 
Pee 






< 
° 
ro) 


Ground s VIN < Vcc 
VOUT = Ground, Vcc = Max (Notes 4, 8) 
[eet | veccore ans | am 


- 
3 
8 gs 
nN 
{o) 
2/3) 2)5/5] <|</<|<| 8 


NO 
°o 





DEVICES INCORPORATED 





Logic Products 


5-74 LDS.S12-A 


12-bit Cascadable Multiplier-Summer LMS12 





Symbol Parameter 


(easel Clock to S—FT = 1 
| tsen | ENA, ENB, ENC Setup Time 
C Data Hold Time 
A, B Data Hold Time 
ENA, ENB, ENC Hold Time 


| tHEN | 
| tpw | Clock Pulse Width 
| TENA | 
| tors _| 






oa 


Output Enable Time (Note 11) 
Output Disable Time (Note 11) 





Symbol Parameter 


Clock Period 
Clock to S-FT = 1 
Clock to S-FT = 0 
C Data Setup Time 
| tsAB 











| Min | Mex | Min’ | Mex | Min | Mex | 
aoe eer ee es 
aoe ee 
es fs 
Pa ie 
A, B Data Setup Time} 18] | 12 |} J 
Ftwen | ENA, ENB, ENC SoupTime __———s«d| ts | Sid te] 
SE a MT SCARE 
Ss Ca a 
Fn GR Sa 
eS Oe ae ee ie 
a (NS Ee 






tien | ENA, ENB, ENG HoldTime 
[tew | Glock Pulse Width SSC*S 









S OUTPUTS 
to 


tois t 
HIGH IMPEDANCE pice: 


R OUTPUTS 
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12-bit Cascadable Multiplier-Summer 


LMS12 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
~0.6 Vand Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tion can beaccurately approximated by: 
NCV7F 
4 





where 


N = total number of device outputs 
C =capacitive load per output 

V =suppy voltage 

F = clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIS test) and input levels of nominally 
0 to3.0 V. Output loading is a resistive 
divider which provides for specified 
IoL and JOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 


5-76 


a. A0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
thechip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured: +200 mV 
from steady-state voltage with speci- 
fied loading. 


Logic Products 


LDS.S12-A 


12-bit Cascadable Multiplier-Summer LMS12 





Top View 
Through Package 
{i.e., Component Side Pinout) 





$17 $6 


“LMS12GC65 
a a 50 
"8 49 


“LMS12GM65_ 
a“ n 50 


LMS12GME65 
" a 50 


LMS12GMB65 
a n 50 
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4 x 8-bit Multilevel Pipeline Register 


L29C520/521 





Q Four 8-bit Registers 


Q Implements Double 2-Stage Pipe- 
line or Single 4-Stage Pipeline 
Register 


C4 Hold, Shift, Load Instructions 
Q Separate Data In and Data Out Pins 


QO High Speed, Low Power CMOS 
Technology 


( Three-State Outputs 


(1 Available 100% Screened to MIL- 
STD-883, Class B 


Q Plug Compatible with AMD 
AM29520 and AM29521 


Oo errae Styles Available: 

e 24-pin Plastic DIP 

24-pin CerDIP 

24-pin Sidebraze, Hermetic DIP 
24-pin Ceramic Flatpack 

28-pin Plastic LCC, J-Lead 
28-pin Ceramic LCC (Type C) 


11,10 ———___»> 


CLOCK ———» 
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The Logic Devices L29C520 and the I and S controls allows simultane- 
L29C521 are pin-for-pin compatible ous write and read operations on 
with the Advanced Micro Devices different registers. 

AM29520 and AM29521, implemented 

in low power CMOS. 


The L29C520 and L29C521 contain 
four registers which can be configured 
as two independent, 2-level pipelines 
or as one 4-level pipeline. 


tito | L2ecs20 instruction | 
HE ACR) RT REMC 
[LH | HOLD HOLD D-R3_Ra-R4 
ii: |Ooet Bese “ote Heke 


The Instruction pins, Io and I1, control 
| ALLREGISTERS ONHOLD | REGISTERS ON HOLD 


the loading of the registers. For either 
device, the registers may be config- 
ured as a four-stage delay line, with 
data loaded into Ri and shifted 
sequentially through R2, R3, and R4. 
Also, for the L29C520, data may be 
loaded from the inputs into either R1 
or R3 with only R2 or R4 shifting. The 





D--R1 Ri--R2 R2--R3R3-R4 


HOLD HOLD D--R3 HOLD 


D-R1 HOLD HOLD HOLD 


L29C521 devices differ from the 
coe epee 
unchanged during this type of data 





load, as shown in Tables 1 and 2. 
Finally, Io and I1 may be set to prevent 
any register from changing. 


Reg. Selected 


The So and S1 select lines control a 
4 to 1 multiplexer which routes the | Regs 
contents of any of the registers to the | Reg2 


Y output pins. The independence of 
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4 x 8-bit Multilevel Pipeline Register L29C520/521 


Storage temperature —65°C to +150°C 
Operating ambient temperature . —55°C to +125°C 
Vcc supply voltage with respect to ground -—0.5 V to +7.0V 
Input signal with respect to ground —3.0 V to +7.0 V 
Signal applied to high impedance output 


Output current into low outputs 


Latchup current 





Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75V<Vcc <5.25V 
Active Operation, Military —55°C to +125°C 4.50 V< Vcc < 5.50 V 
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4 x 8-bit Multilevel Pipeline Register L29C520/521 











L29C520/521- 






Symbol Parameter 


| tpp | CLK to Y7-Yo 
$1,S0 to Y7-Yo 


| tsp | D7—Do to CLK Setup 
| tH CLK to D7—Do Hold 


11,10 to CLK Setup 


o 
ios 





13 








i] 
| 
20] 
pa 
a 


OE to Output Disable (Note 11) 
OE to Output Enable (Note 11) | at | 


| tw Clock Pulse Width 10 
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D7—Do to CLK Setup 15 


CLK toe D7—Do Hold 
I1,l0 to CLK Setup 


on 
ro 
cm 
Pa either SSCS 
Fs 
te 
ew 








OE to Output Disable (Note 11) 


OE to Output Enable (Note 11) 
Clock Pulse Width 





s 
INST 

(I1, to) 

D7—Do 

CLOCK 


MUX SEL 
(S1,S0) 





Y7-Yo 


HIGH IMPEDANCE 
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4 x 8-bit Multilevel Pipeline Register 


L29C520/521 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 V and Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tioncan beaccurately approximated by: 
NCV*F 
4 





where 


N = total number of device outputs 
C = capacitive load per output 

V =suppy voltage 

F =clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
Asaresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 


a. A0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
thechip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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4 x 8-bit Multilevel Pipeline Register 


24-pin 
(0.3" wide) 








L2sCs520KC x 25 
22 


Plastic DIP Sidebraze CerDIP Plastic J-Lead Ceramic Leadiess 
(P2) Hermetic DIP (D2 (C1) Chip Carrier (J4) Chip Carrier (K1) 


beseeetre {3 25 pee eee a anus a 25 peecee i 25 
22 22 22 or 
Loocszt PC Loocse1 DC Loocs2t cc L2oceet JC L29C521KC 
L29C520DM 480 pore 3 30 L29C520KM — 30 
or 24 or 
L29C521DM Loocset CM L29C521KM 
L29C520KME Eg 30 
24 


Eon OME 30 E2CSEDOME 30 
{ { 24 or 
L29C521KME 


pase { 30 
24 
Loocse1 KMB 





L29C520DMB {30 ReCS20OMe af 30 
4 24 
Loocse1 CMB 


or 
L29C521DMB 
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4 x 8-bit Multilevel Pipeline Register 


L29C520FC i 25 
or 22 


L29C521FC 


OOnN DOR WD = 


L20C520FM + 30 
or 24 


L29C521FM 


L29C520FMB ag 30 
or 


L29C521FMB 
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4 x 16-bit Multilevel Pipeline Register 


LPR520/521 





Q Four 16-bit Registers 

Q Implements Double 2-Stage Pipe- 
line or Single 4-Stage Pipeline 
Register 


Hold, Shift, Load Instructions 
(2 Separate Data In and Data Out Pins 


(1 High Speed, Low Power CMOS 
Technology 


() Three-State Outputs 


(4) Available 100% Screened to MIL- 
STD-883, Class B 


QO) Package Styles Available: 
¢ 40-pin Plastic DIP 
¢ 40-pin Sidebraze, Hermetic DIP 
e 44-pin Plastic LCC, J-Lead 
¢ 44-pin Ceramic LCC (Type C) 
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me SE www “as 


DEVICES INCORPORATED 


The Logic Devices LPR520 and 
LPR521 are functionally compatible 
with the Advanced Micro Devices 
AM29520 and AM29521 but are 16 bits 
wide. They are implemented in low 
power CMOS. 


The LPR520 and LPR521 contain four 
registers which can be configured as 
two independent, 2-level pipelines or 
as one 4-level pipeline. 


The Instruction pins, Io and I1, control 
the loading of the registers. For either 
device, the registers may be config- 
ured as a four-stage delay line, with 
data loaded into R1 and shifted 
sequentially through R2, R3, and R4. 
Also, for the LPR520, data may be 
loaded from the inputs into either R1 
or R3 with only R2 or R4 shifting. The 
LPR521 devices differ from the 
LPR520 in that R2 and R4 remain 
unchanged during this type of data 
load, as shown in Tables 1 and 2. 
Finally, Jo and I1 may be set to prevent 
any register from changing. 


The So and S1 select lines control a 
4 to 1 multiplexer which routes the 
contents of any of the registers to the 
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Y output pins. The independence of 
the I and S controls allows simultane- 
ous write and read operations on 
different registers. 


fi }1o | L20C8201Instruction 
[L}H| HOLD HOLD D-Ra_R3-+R4 
/H 










ALL REGISTERS ON HOLD 


to |29¢521 Instruction 
H 


ALL REGISTERS ON HOLD 


i 
fH 
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4x 16-bit Multilevel Pipeline Register LPR520/521 


Storage temperature ~—65°C to +150°C 
Operating ambient temperature -—55°C to +125°C 
Vcc supply voltage with respect to ground -0.5 V to +7.0V 
input signal with respect to ground -3.0 V to +7.0 V 
Signal applied to high impedance output 

Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75 V<Voec <5.25V 
Active Operation, Military —55°C to +125°C 4.50 V < Vcc <5.50V 
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Symbol Parameter Test Condition yp 


Cac 
Fix | inputCurent | Ground s VIN < Vcc 

} loz | Output Leakage Current Ground < Vout < Vcc 

} tos | Output Short Curent VOUT = Ground, Vcc = Max (Notes 4, 8) 
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4x 16-bit Multilevel Pipeline Register LPR520/521 











LPR520/521- 


Symbol! Parameter 


| Min | 
[cikwvieve SSCS 
Ps [Sisowvevo SS SSC~C~—SCSYS*S 
iso [Dis Dew ikseup ——SSC=~“*‘“*S*~*~‘“*~S*~‘~CSC~C*d 
wo [CiKiods-Oorod —SSC~“~*~*“‘~*S*~*~*r:CSC*d 
pts [Mio ciKseupSSCSC=“—*~*~“~*~‘“‘—‘~‘~*~*~*~*YCSC*S 
Por [CiKwhioHd SSCSC~SY SB 
= pati 
cy cael 
Cw | Lael 












OE to Output Disable (Note 11) 
OE to Output Enable (Note 11) 
Clock Pulse Width 


Symbol Parameter 


Pwo [kee SSCSCSCS~—S~SCS 
feo [Dis Dow cKSeup SSCSC“‘“S*S*S*~S*S*~S~*S 


(I1, 10) 


D15—Do 
CLOCK 
MUX SEL 
(S1,S0) 


Y15-—YO 


HIGH IMPEDANCE 
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4 x 16-bit Multilevel Pipeline Register 


LPR520/521 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
vcc will be clamped beginning at 
-0.6 V and Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


) 
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5. Supply current for a given applica- 
tioncan beaccurately approximated by: 
NCV*F 
4 





where 


N = total number of device outputs 
C =capacitive load per output 

V =suppy voltage 

F =clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IoL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
Asaresult, caremust be exercised inthe 
testing of this device. The following 
measures are recommended: 
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a. A0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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4x 16-bit Multilevel Pipeline Register 








40-pin 
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Dual Pipeline Register L29C524/525 





QO Pipeline Registers — 
Dual 7-Deep (L29C524) or 
Dual 8-Deep (L29C525) 

QO Configurable to Single 14-Deep and 
Single 16-Deep 


) Hold, Shift, Load Instructions 
(1 Separate Data In and Data Out Pins 


QO) High Speed, Low Power CMOS 
Technology 


Q Three-State Outputs 


(3 Available 100% Screened to MIL- 
STD-883, Class B 


O Plug Compatible with AMD 
AM29524 and AM29525 


QO Package Styles Available: 
e 28-pin Plastic DIP 
¢ 28-pin Sidebraze, Hermetic DIP 
¢ 28-pin Plastic LCC 


The Logic Devices L29C524 and 
L29C525 are high performance, low 
power CMOS pipeline registers. They 
are pin-for-pin compatible with the 
Advanced Micro Devices Am29524 
and Am29525. The products can 

be configured as two independent, 
7-level (or 8-level) pipelines or as 
single 14-level (or 16-level) pipelines. 
The configuration implemented is de- 
termined by the instruction code (11,10) 
as shown in Table 2. 


The l1,Io instruction code controls the 
internal routing of data and loadin 
each register. For instruction I1,Io = 


AO at the rising edge of the 
contents of Ao simult: 
to register A1, Al 
on. The content: 
the "A" side (Aé 

ers on the B side 


for the L29 
, with the contents 


register 
are similar 
of the last re ron the B side (Bé for 


Ke £29C524,87 for the L29C525) lost. 
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REGISTER Ao 
aes 
REGISTER At 
REGISTER A2 
REGISTER A3 


REGISTER A4 
REGISTER As 
REGISTER As 
REGISTER A7* 


REGISTER B7* 


x 
a 
c 
Lu 
= 
2 
© 
tu 
a 


REGISTER Bs 
REGISTER Be 


- N o 
col jam ao 
o oc jam 
wy fw) tu 
PE bee 
Ql ;Qy_ ja 
o) o iY) 
WW Ww Lu 
o ac c 










Instruction 11,10 = 01 (Push B) acts 
similarly to the Push A & B instruc- 
tion, except that only the B side reg- 
isters are shifted. The input data 

is applied to register Bo, and the 
contents of the last register on the 

B side (B6 for the L29C524, B7 for the 
L29C525) are lost. The contents of 
the A side registers are unaffected. 
Instruction J1,Io = 10 (Push A) is 

to the Push B instruction, 
at A side registers are shifted 
registers are unaffected. 







ction ]1,Io0 = 11 (Hold) causes no 

terr4l data movement. It is equiva- 

t to preventing the application of a 
ock edge to any internal register. 


The contents of any of the registers is 
selectable at the output through the 
use of the S3-So control inputs. On the 
L29C524, the input pins D7-Do may 
also be selected to drive the output, 
and all output pins may be forced to 
zero. The independence of the I and S 
control lines allows simultaneous 
reading and writing. Encoding for the 
$3-So controls is given in Table 3. 


Ao 
Ai 
A2 
A3 
A4 
A5 
A6 
0/A7* 


Bo 
B1 
B2 
B3 
B4 
B5 
Be 
D/B7* 


“Applies to 
L29C525 only. 
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Dual Pipeline Register L29C524/525 











Single 14/16 Level Dual 7/8 Level 
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Dual Pipeline Register L29C524/525 


Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground -0.5Vto+7.0V 
Input signal with respect to ground -3.0 V to +7.0 V 
Signal applied to high impedance output —3.0 V to +7.0 V 
Output current into low outputs 

Lately: CUNO oe e2 oi cc0 8 ccsed dseck lea ibaek chsnsecalauSenecdapniay ech senniesaieonasanieoedbaxites , 


Mode ge(Amdi \y Sippy Voltage 
Active Operation, Commercial 4.75V <Vcc < 5.25 V 
Active Operation, Military is 4.50 V < Vcc < 5.50 V 


Symbol Parameter 


Output High Voltage AS = 





Input High SS 











Input Low Voltages (Note 3) 


Input Current Ground < VIN < Vcc 


es 





Output Leakage Current | Ground < VouT < Vcc 





los Output Short Current | vour = Ground, Vcc = Max (Notes 4, 8) 








TF 
Icc1 | vec Current, Dynamic | (Notes 5, 6) 














Icc2 Vcc Current, Quiescent (Note 7) 
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Dual Pipeline Register L29C524/525 





Symbol Parameter 


CLK to Y7—Yo 

S3—So to Y7—Yo 

D7-Do to Y7—Yo (L29C524) 

D7—Do to CLK Setup 

CLK to D7—Do Hold 

11,l0 to CLK Setup 

CLK to I1,lo Hold 

ae OE to Output Disable Times (Note 11) 
tENA | OE to Output Enable Times (Note 11) 

Clock Pulse Width 




















tSEL 
tPDDO 
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Symbol Parameter 


| tpo | CLK to Y7-Yo 
$3-So to al 


Histo | bor Vo NS 
ee 
ino | CLK to 07-Do Hold Se ee 


tsl l1,l0 to CLK Setup Pw ae 

CLK to [1,10 Hold SA IS RO 

[OE to Output Disable Tea NaI 8 

GE to OutputEnabiensg ev) ———SSCSSCSC~rtSC~“<S~—sCt 
id N\A ee ee 











































INST 
(11, lo) 








D7-Do 






CLOCK 


MUX SEL 
$3-S0 










Y7-Yo 
teppo 


tois 
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Dual Pipeline Register 


L29C524/525 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot: 


Device operation will not be‘adlyersely 
affected, however, input currenif levels 
will be well in excess of 100 mA. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tion can be accurately approximated by: 
NCV?F 

4 





where 


N = total number of device output 
C = capacitive load per outp 
V =suppy voltage 

F = clock frequency 


6. Tested with all ui ing 
ae cycle and aa 5 MHz 
clock rate. 





7. Teste thin 0.1 V of 
Vcc or G 
8. e par ters are guaranteed 





0% ested. 


ecifications tested with input 


IS test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 


5-95 


a. A 0.1 pF ceramic capacitor should be 







between Vcc and Ground 


possible. Similar capacitors 
installed between device Vcc 


b>Ground and Vcc supply planes 
ust be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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Dual Pipeline Register L29C524/525 


28-pin 


28-pin 
(0.4" wide) 


28-pin 
(0.4" wide) 


(0.3" wide) 


Si 
So 
Do 
D1 
D2 
D3 


Plastic DIP Sidebraze Sidebraze Plastic Leaded 
(P10) Hermetic DIP (D10) Hermetic DIP (D11) soll Carrier (J4) 
0 470°C — ComMmERCIAL SCREENING oe 
L29C524PC20 L29C524DC20 L29C524HC20 L29C524JC20 
r or 


or fe] 
L29C525PC20 L29C525DC20 L29C525HC20 


Speed 


or 
L29C525JC20 





paces Mee 
L2ocs25DM25 


L29C524DME25 
or 
L29C525DME25 


L29C524HMB25 
or 
L29C525HMB25 


L29C524D 
or 
L29C525DM 
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L10C11 





(2 Variable Length 4 or 8-bit Wide The L10C11 consists of two 4-bit wide, 


Shift Register adjustable length shift registers. These 
registers share control signals and a 
O Selectable Length from 3 to 18 common clock. Both shift registers 
Stages can be programmed together to any 


length from 3 to 18 stages inclusive, or 
one register can be fixed at 18 stages 
of delay while the other is variable. 
The configuration implemented is de- 
termined by the Length code (L3—L0) 


OX Hold, Shift, Load Instructions 
© Separate Data In and Data Out Pins 
1 High Speed, Low Power CMOS 


Technology and MODE line as shown in Table 1. 
QO Plug Compatible with TRW Each input is applied to a chain of re- 
TDC1011 gisters which are clocked on the rising 


edge of the common CLK input. These 
registers are numbered R1 through 
R17 and R1' to R17’, corresponding to 


() Package Styles Available: 

e 24-pin Plastic DIP 

e 24-pin CerDIP 

¢ 24-pin Sidebraze, Hermetic DIP 
route the contents of any o 
R2 through R17 to the 
denoted R18. A simj 
operates on the c 
through R17' to ees 





REGISTER R15 
REGISTER Ri6 
REGISTER R17 





L REGISTER 









REGISTER Rt' 
REGISTER R2' 
REGISTER Rs 
REGISTER R15’ 
REGISTER Rie 
REGISTER R17’ 
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The MODE control input is registered, 
and determines whether one or both 
of the internal shift registers have 
variable length. When MODE = 0, 
both D3—-Do and D7—D4 are delayed 
by an amount which is controlled by 
the Length inputs. When MODE = 1, 
the D7-D4 field is delayed by 18 
stages independent of the Length 
setting. 


The Léngth code controls the number 
of delay applied to the D 
shown in Table 1 on the 















delayed by 3 clock periods. When the 
Kength register contains 1, the delay is 
{Clock periods, and so forth. The 
Length control field (L3—Lo) and the 
MODE input are registered at the 
rising edge of the Clock. Both the 
length and MODE values may be 
changed at any time without affecting 
the contents of registers R17-R1. 









MUX 1 of 16 





REGISTER Rig 












MUX 1 of 16 
REGISTER Rigs’ 
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Variable Length Shift Register L10C11 








Ls Lz Li bo 


7-4 
18 
18 
18 
18 








Storage tOMPerature ..........cssccssecssseeeerssecssensssseneeseeseaes —65°C to +150°C 
Operating ambient temperature ............ssscrccseceeresseeene —55°C to +125°C 
Vcc supply voltage with respect to ground ............s0sse —0.5 V to +7.0V 
Input signal with respect to Ground ..........esAessrerersssersees -3.0 V to +7.0 V 
Signal applied to high impedance output......\.\....csseeceee ~3.0 V to +7.0 V 
Output current into low OUtPUTS ..........saececssaTTIg qe ret sense eesserenteeesnseens 





o 
(oe) 
fo) 















18 
18 






LCT CONTIG goes jccscesaiiccndsetavna hy Zccnss) decdeciibannesvusseedeversieaaetne® 







18 
18 
18 
18 
18 SS 

Mn fie CAT EA 


18 Femperature Range Supply Voltage 
18 prati : 0°C to +70°C 4.75V<s Vcc <5.25V 
18 i aralic ; —55°C to +125°C 4.50V<Vcc <5.50V 





sa eee erases OF TD CDC CD00 SO 
—~—ware ss 90 OC 0O aA H+ 000 
~]_/ 00-4 00+ +00; +0 
-O--"0+;0+, 020+02:0- 


18 











LN [A ET 
ox. Cie 


ce OE 55a 
XZ 
Symbol Parameter LOSE : 


Output High yepitan | 10H =-12.0 mA 


/ 


VOL Output Low Voltd¢ 









— 
_ < 
oO mo] 
He 
iy 
°o 





a) 





°o 
a 


IOL = 24.0 mA 





< 
Q 
ce) 


Input High Voltage 


VIL Input Low Voltage (Note 3) 






Input Current Ground < VIN < Vcc 


+ 
nN 
oO 


Output Leakage Current | Ground < VouT < Vcc 


Output Short Current VouT = Ground, Vcc = Max (Notes 4, 8) 


icc Vcc Current, Dynamic (Notes 5, 6) 


Iec2 Vcc Current, Quiescent (Note 7) 


Head 
kal 
2/3] 2/5] 5/<| </<]</s 





—_ 
oi 


A casita 
mS “ewes “~E 
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Symbol Parameter | Min | 





CLK to Y7—Yo 
D7—Do to CLK Setup 


[Mex [Min [ex 
ee ee ee ee 
Fae an (ee 
CLK to D7—Do Hold | on, [| 
a 
exces \ Coe OIE 
ae ed 











L3—Lo, MODE to CLK Setup 
CLK to L3—Lo, MODE Hold 


Clock Pulse Width | HX _| 











eX | Min | Mex | Min | Mex | 
Peo [okevee SOC 
jtso [DrdowciKsep RSC Cd 
Pwo [olKeor-Dorod NY CSCd | 
[ist | Toto, MODE te OL Sup SQN sf 
fe Geeamona 7 7 
[ww | GockPusewiah Cp SC=~idSSSTSCESCCT 

Coa 





L3-Lo NG 

MODE a eee 
re 
— 


D7-—Do } od 
tsp tHD tpw 
CLOCK 
tew 
Y7-Yo fe we 
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Variable Length Shift Register 


L10C11 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoo 


Vcc will be clamped begi 
-0.6 Vand Vcc + 0.6 V. The de 
withstand indefinite op 
inputs in the range of —35 Z 
Device operation will not ba adversely 
affected, however, input curren} levels 
will be well in excess of 100 mA. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


— ——_—- ewes ~e 
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5. Supply current for a given applica- 
tion can beaccurately approximated by: 
NCV*F 
4 





where 


N = total number of device outpu 
C = capacitive load per outpu 
V =suppy voltage 

F = clock frequency 








6. Tested with all o 
every cycle and no 
clock rate. 


7. Tested thin 0.1 V of 
VCC or 
8. Tkese p etérs are guaranteed 


00%Aested. 


ications tested with input 
times less than 3 ns, output 
mce levels of 1.5 V (except tEN/ 
pis test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 


5-100 


a. A 0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads &$% close to the Device Under Test 
(QUT)\as possible. Similar capacitors 

installed between device VCC 


the ‘tester common, and device 
and tester common. 


Ground and Vcc supply planes 
ust be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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Variable Length Shift Register 


24-pin 
(0.6" wide) 





24-pin 
(0.3" wide) 


ee | L10StieMBso = L10C11HMB30 L10C11IMB30 
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Serial Scan Shadow Register L29C818 





QO) Octal Register with Additional 8-bit 





The L29C818 is a high-speed octal 


Also, data present on the SDI pin is 


























Shiftable Shadow Register register designed especially for appli- _ loaded into the least significant 
: ' j cations using serial-scan diagnostics —_ position of the S register on the rising 
= eee mined as Writable or writable control store. Itispinand edge ofCLKS. In this mode, the S 
ee eee functionally compatible with the register performs a right shift opera- 
QO) Serial Stimulus /Observation of AMD Am29818 bipolar device. tion, with the contents of each bit 
i i - iti laced by the value in th 
Sequential Logic The L29C818 consists of an octal regi- sean ae ae ‘ a ee a 
2) High Speed, Low Power CMOS ster (the "P" register), internally con- ee pee serene ‘ 
T ne ; See ae 3 ee hift ae y ee value in $7 is shifted out on the serial 
e ected to an 8-bit shift register . 
Q ae Screened to MIL- Se teete)) Bacubas ts own ee p04 Lipa ea een 
STD-883, Class B Sponsiny Gock pin, and te P register ipl L29C818 devices into a 
oe ae has a three-state output control. loop. When MODE is low, 
Sn aT i An input control signal MODE, in operation of the P and S registers 





combination with the S register seri 
data input (SDI) pin controls data 
routing within the L29C818, 


O Package Styles Available: 
e 24-pin Plastic DIP 
¢ 24-pin Sidebraze, Hermetic DIP 
e 28-pin Ceramic LCC 


een CLK P and CLK 5S. 


When MODE is high, the internal 
multiplexers route data between the S 
and P registers, and the Y port. The 
contents of the S register are loaded 
into the P register on the rising edge 
of CLK P. In diagnostic applications, 


normal operation, da 








CLK S 


8 
P REGISTER 
> 


g P7-Po 






S REGISTER 
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Serial Scan Shadow Register 


required. When MODE is high, the 
SDI input drives the SDO output 
directly, bypassing the S register. This 
means that the SDI value will apply 
simultaneously to all L29C818s in a 
serial loop. However, to ensure 
proper operation of a given device, 
the user must ensure that the SDI 
setup time to CLK S is extended by 
the sum of the SDI to SDO delays of 
all previous devices in the serial path. 


this allows a data value input via 
serial scan to be loaded into the active 
data path of the machine. 


When the MODE pin is high, CLK S 
causes a parallel rather than serial 
load of the S register. In this mode, 
the S register is loaded from the Y7-Yo0 
pins at the rising edge of CLK S. This 
is useful in writable control store 
applications for readback of the 
control store via the serial path. 


When MODE is high, the SDI pin is 
used as a control input to enable or 
disable the loading of the S register, 
and it also affects routing of the S 
register contents onto the D7-Do 
outputs. When SDI is low, the S 
register is enabled for loading as 
above. When SDI is high however, 
CLK S is prevented from reaching the 
S register, and no load occurs. In 
order to allow the SDI pin to serve as 
an enable signal for all L29C818 
devices in a serial configuration, 
special handling of the SDI input is 


The D7-Do port is normally used as 
the input port to the D register. For 
writable control store applicatig 
however, this port is conn 


store. In order to loa 
through the serial 
to drive the S re 
the D7—Do pins. 
when MO 


high, no loading 


CLK S ris 

aboye that 

re) registeMdccurs. However, a 
. which synchronously 





Y7-Yo 


N/A 
LOAD D 
N/A 
N/A 
LOAD S 


Normal 


Normal 


Input* 


Normal 


Normal 


L29C818 


enables the D port output buffer. The 
D output remains enabled until the 
first rising edge of CLK S during 
which either SDI or MODE is low. 
Thus to load a control store RAM, 
data would be shifted in with MODE 
low. When an entire control store 
word was present in the serial S 














further shifting of the S 
d enabling the contents 


0 verify the contents of a control 
store RAM, the RAM is read into the 

D register in the normal fashion. 

Then, the D contents are transferred in 
parallel to the S register by driving 
MODE high with SDI low. Then, the 
S register contents are scanned out 
serially by returning MODE to low 
and applying CLK S pulses. 


Action 
D7-Do 
Hi-Z 
Input 
Hi-Z 
Output 
Hi-Z 


* If OE is 0, the P register value will be loaded into the S register. If OE is 1, a value may be applied 


externally to the Y7-Yo pins. 
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Serial Scan Shadow Register L29C818 









StOPAGS TOMO ALUN assess Sains decnessuncseaiGkaniwernaniedvcvais aaansad enrancer den salinnisievauwenddaceusnaeinaiauasesees —65°C to +150°C 



















OpGrating aimibiont temperature :.iscsccccecscecessecedsavcestinbanace sensunesavateseseavendadavequscrangyuesieadceusescnrens —55°C to +125°C 
Vcc supply voltage with respect tO Ground ........ssecsssssecsssssecsseeesscesssssecesssreessnessatecareesensnaees -0.5 V to +7.0V 
INPUL Signal With TESPECt TO GION c.f ceccsaccestysocvesh secwvtecorevetsanscseysecuvedecséienngccivavecseessulsccomsneceds -3.0 V to +7.0 V 
Signal applied to high impedance OUtPUL ............cecseesecceceseseessoeessercsaesereeeseecetseseesseleesseansenes 3.0 V to +7.0 V 
Output Current [nto low: QUTDUTS <.cc25,, cers cdesccoxcetencedes vucdssaaucsen testa dacctiaceonssuctavsangecaaeselp|ssvnandavseonaanacaevinsds 
LALCHUD CUITOIE wee ccocscscscivscscs sess ocdecdeed sacs sevedeti sass indeteactatswareredeustveadineesisasede Weevacna ng Reiepbaauseaeecee 



























Mode Supply Voltage 
Active Operation, Commercial 0°C to +XORC 4.75V<Vcc <5.25V 
Active Operation, Military —55° 4.50 V< Voc < 5.50 V 






Symbol Parameter TestCondition 
DQ 


Output High Voltage KG ha 4 i 
N 4s 

Ue y SN 
fe ee 
re recon | coin ian 0 
| toz Output Leakage Current | Ground < VouT < Vcc fee 
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Serial Scan Shadow Register L29C818 





OMM 
L29C818- 
Symbol Parameter | Max | 





CLK P to Y7—-Yo 


Let 
| tspp | D7—Do to CLK P Setup 8) 
| tHDP CLK P to D7—Do Hold Pee 
15 | 
Lae si 








MODE to CLK P Setup 
CLK P to MODE Hold 


CLK P Pulse Width 

CL 18 {| 
teENAY| OE to Y7—Yo Enable (Note 11) py, 
toisy | OE to Y7—-Yo Disable (Note 11) JAWS N15 | 


v, 




















Symbol Parameter | wWY 


[aso | br-DotocikPseup (NY 
[wor [CLKPwobr-oHod RN 
[tour [MODE Te CIKPSoup NY 
[ww [CLKPioMODE Hed QS 
2 
[tor [ OE te Vi-Vo Disable Madd 

nw WA 


sa 
Loum 
Ss 









L29C818- 


7 





LLL 





MODE 


D7-Do 


CLK P 


HIGH IMPEDANCE 


HIGH IMPEDANCE 
¥r=¥o ROOK 
ee 
OE 
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Serial Scan Shadow Register L29C818 





. L29C818- 
Symbol Parameter 


sbiwsdoOOSC—C—“s*sS*~“—“‘s‘“s~s~CSs*s*s*sSsSsS' WN 


Vr ikeecsis- 


wsso[OKswS00 OSC CC 
was [svimoukssue (NSO te TT 
pws [CKSwSDIHd NS CP 
pres [MODEW CKSSeup SCO 
fwsw [CikSwMovEHes WO 
Ptews [OuKSPucowiah > SSSs—=—~—HCSTSSC*‘dRSC‘“#§#SNNCWC 
[touso[ MODE S00 NCP 
fwssol svinsoo KC RNZ —s—“‘iY I | TC 
CLS 





EAE 





tsms 
i Re ey 
—— 


tssis tHssi 


tpws——~|=—-_ t pws +t rouse os tosiso 


XO A2OK AID 


a 


tosso 
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Serial Scan Shadow Register L29C818 










3g ae 
Symbo! Parameter 


i [ese RF 
| tHpm | CLK P to MODE Hold 
| tssP | 


Symbol Parameter 


Pe eee = 
a aa 
com 


CLK S to CLK P anna 






Loo 
CLK P S 
Pade tssP 
CLK S 
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Serial Scan Shadow Register L29C818 





L29¢818- 
Symbol Parameter 


| Min | 

Y7—Yo to CLK S Setup | 8 | 

CLK S to Y7-Yo Hold i? 5. Fl 

MODE to CLK S Setup 

tHsm | CLK S to MODE Hold 2 (il 

| tssis_| SDI to CLK S Setup | 4o 
CLK S to SDI Hold JAY ® 

ee 























| 
Symbol Parameter a: Se eons 


rete [Wowerkaswp ASO 

fusy [eikswvrwred NY PO 

A Nr 

Pwiew [eUkS we MODERN 

[isos [Sdiwoiksseup 7 Xe 

wes [orkswsoined 77 
LIF 





Yr-Yo SO {——seeeremrer > 


tsys tHsy 
CLKS 
MODE 
Pte pt 
SDi 
~«— tssis tHssi 
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Serial Scan Shadow Register L29C818 





i L29C818- 
Symbol Parameter 


MODE to CLK S Setup 
CLK S to MODE Hold 
SDI to CLK S Setup 


= 
E10 a) 
CLK S to SDI Hold rol 
YAS | 

















CLK S TO D7-Do Enable (Note 11) yy, 
CLK S TO D7-Do Disable (Note 11) << 









Symbol Parameter S | Min | 


ee a 

|tism | CLKStoMODEHId RR 

ftssis [SDItoCLKSSeup (NN 2 

ftussi [CLKStoSDIHod NK Ys 

CLKSTOD7-DoEnablenéiy> NZ | 80 

| toiso | CLKSTOD7-DoDisabigwwoay 7 | 
= 





MODE 
oe i mes 
SDI 


tENAD tpisp 


D7-De HIGH IMPEDANCE CR = HIGH IMPEDANCE 
NANANAS tL LAA fp 
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Serial Scan Shadow Register 


L29C818 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or abov 


withstand indefinite operation 
inputs in the range of -3. 
Device operation will no 
affected, however, input 
will be well in excess of 100 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


t levels 
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5. Supply current for a given applica- 
tion can beaccurately approximated by: 
NCV7F 
4 





where 


N = total number of device outputs 
C = capacitive load per output 
V =suppy voltage 

F = clock frequency 


6. Tested with all outputs ‘cha 
every cycle and no Sod ataS) 
clock rate. N 


7. Tested with all hin 0.1 V of 
Vcc or Gro 





oa 4 


rs are guaranteed 


fications tested with input 
imes less than 3 ns, output 
e levels of 1.5 V (except tEN/ 
est) and input levels of nominally 
Oto 3.0 V. Output loading is a resistive 
divider which provides for specified 
IoL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 


5-111 


a. A0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 


















s possible. Similar capacitors 
e installed between device VCC 


socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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Serial Scan Shadow Register 


(0.3" wide) 
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8 x 8-bit Three Port Register File 





(3 8-word x 8-bit Three Port Memory 


Q Independently Addressable Ports: 
1 Input, 1 Output, 1 Bidirectional 


QO High Speed, Low Power CMOS 
Technology 


Q Internally Latched Control Bits 


QO High Speed Scratchpad Memory 
with Overlapped Data Fetch/Store 


Q Fully TTL Compatible 
[) 60 mW Typical Power Dissipation 


C1 Package Styles Available: 
e 40-pin Plastic DIP 
¢ 40-pin Sidebraze, Hermetic DIP 
© 44-pin Ceramic LCC (Type C) 


A ADDRESS 


B ADDRESS 


A PORT ENABLE 
A,B WRITE ENABLE 


C ADDRESS 


C OUTPUT 
ENABLE 
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The LRFO7 is an 8-word x 8-bit 
expandable register file with three 
independently addressable ports, 
designated A, B, and C. Each port has 
eight data lines, three address lines, 
and a port enable control. All address 
and control lines are registered to 
facilitate instruction pipelining in 
microprogrammed systems. All ports 
may be used simultaneously in any 
clock cycle. 


The C port is a read only port. C port 
address lines (CA2—CA0) are latched 
at the rising edge of the clock. The 
data indicated by the respective port 
address will be presented on the 
output lines one tAcc following the 
clock edge on which the address is 
latched. If the same register is 


dda 


a 


ADDRESS DECODER 
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simultaneously addressed for writing 
from a different port, the data pre- 
sented to the outputs is the contents 
of the register prior to the write 
operation. 


The B port is a write port. B port 
address lines (BA2-BA0) are latched at 
the rising edge of the clock. The 
contents of the B address register are 
decoded to control data routing 
multiplexers. These supply data from 
the input pins to the desired register. 
Data meeting the setup time is latched 
into the addressed register on the 
clock edge following the one which 
latched the address. 


The A port is a bidirectional port. 
The A Read/Write (AR/W) control is 
latched along with the address lines 
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8 x 8-bit Three Port Register File 


(AA2-AA0) and determines whether 
the A port acts as an input or an out- 
put during any clock period. When 
AR/W is a'1' at the clock edge, the A 
port presents the addressed data on 
the A7—A0 data lines. A port read 
operations are thus performed iden- 
tically to C port reads. When AR/W 
is a '0' at the clock edge, A port writes 
are executed in the same manner as 

B port writes, with the data latched on 


Storage temperature 

Operating ambient temperature 
Vcc supply voltage with respect to ground 
Input signal with respect to ground 

Signal applied to high impedance output 
Output current into low outputs 


Latchup current 


Mode 
Active Operation, Commercial 
Active Operation, Military 






Symbol Parameter 
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the clock edge following application 
of the corresponding address. 


All ports have associated port enable 
inputs. These inputs are internally 
registered and are applied simultane- 
ously with the corresponding port 
address. In the case of the C port, 

the COE input is a three state output 
control. A '1' at these inputs places 
the corresponding data lines in a high 
impedance state beginning one tDIS 


Temperature Range (Ambient) 
0°C to +70°C 
—55°C to +125°C 





Test Condition 


Vo. | Output Low Voltage loL = 8.0 mA 4 


Pi [rescon | omwesveavin 
[r_[ Orta Gn | Gunesvoreves | 
P| wmsercomn | Ver=Ount ssi meen | 

[reccwncie | omen 
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LRFO?7 


following the clock edge. The B 

port enable BWE serves as a regis- 
tered write enable input. A ‘1’ latched 
on these inputs disables write opera- 
tions from the port on the following 
clock edge. The A port enable APE, 
serves the dual function of write 
enable or three state enable depending 
on the direction of the A port. 


—65°C to +150°C 
—55°C to +125°C 
~—0.5 V to +7.0V 
—3.0 V to +7.0 V 


Supply Voltage 
4.75 V< Vcc <5.25V 
450V < Vcc <5.50V 


[|| 
pet 

ve 
Ec 
EC 















< 





< 







a 






| 5 





3 
> 


3 
> 








Logic Products 


LDS.07-8 


8 x 8-bit Three Port Register File LRFO7 


LRFO7- 
Symbol Parameter 


CLK to Output 
| tis OE to Output Disable (Note 11) 
OE to Output Enable (Note 11) 


Clock Pulse Width 


| tw 
pts Input Setup Time 
hae 


Input Hold Time 





Parameter 


CLK to Output 


OE to Output Disable (Note 11) 


OE to Output Enable (Note 11) 
Clock Pulse Width 
Input Setup Time 


Input Hold Time 


CLOCK 


WRITE ADDRESS 
AND CONTROL 


READ ADDRESS 
AND CONTROL 


DATA IN 


DATA OUT 
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8 x 8-bit Three Port Register File 


LRFO7 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 V and Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tioncan beaccurately approximated by: 
NCV?F 
4 





where 


N = total number of device outputs 
C = capacitive load per output 

V =suppy voltage 

F = clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IoH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 
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a. A 0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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LRFO7KM40 


LRFO7KME40 


LRFO7KMB40 
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L4C381 





QO) High Speed (26 ns), Low Power 
16-bit Cascadable ALU 

M1 Implements Add, Subtract, Accu- 
mulate, Two’s Complement, Pass, 
and Logic Operations 

QO All Registers Have a Bypass Path 
for Complete Flexibility 

Q Available 100% Screened to MIL- 
STD-883, Class B 

(4 Package Styles Available: 
¢ 68-pin Plastic LCC, J-Lead 
¢ 68-pin Pin Grid Array 
¢ 68-pin Ceramic LCC (Type C) 


The L4C381 is a flexible, high speed, 
cascadable 16-bit Arithmetic and 
Logic Unit implemented in CMOS 
technology. It combines four 381-type 
4-bit ALUs, a look-ahead carry 
generator, and miscellaneous interface 
logic — all in a single 68-pin package. 
While containing new features to 
support high speed pipelined archi- 
tectures and single 16-bit bus 
configurations, the L4C381 retains full 
performance and functional compat- 
ibility with the bipolar ’381 designs. 
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Architecture 


The L4C381 operates on two 16-bit 
operands (A and B) and produces a 
16-bit result (F). Three select lines 
control the ALU and provide 3 
arithmetic, 3 logical, and 2 initializa- 
tion functions. Full ALU status is 
provided to support cascading to 
longer word lengths. Registers are 
provided on both the ALU inputs and 
the output, but these may be bypassed 
under user control. An internal 
feedback path allows the registered 
ALU output to be routed to one of the 
ALU inputs, accommodating chain 
operations and accumulation. Fur- 
thermore, the A or B input can be 
forced to Zero allowing unary func- 
tions on either operand. 


ALU Operations 


The So-S2 lines specify the operation 
to be performed. The ALU functions 
and their select codes are shown 





below. 
S2 Si So Function 
0 0 0O CLEAR (F=00 ... 0) 
0 Oo 1 NOT (A) +B 
0 1 +O A + NOT (B) 
0 1 1 A+B 
10 0 AXORB 
1 0 1 AORB 
1 $1 #0 AANDB 
1 1 1 PRESET (F=11... 1) 
The functions B minus A and A 


minus B can be achieved by setting 
the carry input of the least significant 
slice and selecting codes 001 and 010 
respectively. 
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16-bit Cascadable ALU 


ALU Status 


The ALU provides Overflow and Zero 
status bits. Carry, Propagate, and 
Generate outputs are also provided 
for cascading. These outputs are 
defined for the three arithmetic func- 
tions only. The ALU sets the Zero 
output when all 16 output bits are 
zero. The Generate, Propagate, C16, 
and OVF flags for the A + B operation 
are defined in Table 1. The status 
flags produced for NOT(A) + B and 
A + NOT(B) can be found by comple- 
menting Ai and Bi respectively in 
Table 1. 


Operand Registers 


The L4C381 has two 16-bit wide in- 
put registers for operands A and B. 
These registers are rising edge trig- 
gered by acommon clock. Each 
register is independently enabled by 
control signals ENA and ENB. 


This architecture allows the L4C381 to 
accept arguments from a single 16-bit 
data bus. For those applications that 
do not require registered inputs, both 
the A and B operand registers can be 
bypassed with the FTAB control line. 
When the FTAB control is asserted, 
data is routed around the A and B 
input registers; however, they con- 
tinue to function normally via the 
ENA and ENB controls. The contents 
of the input registers will again be 
available to the ALU if the FTAB 
control is released. 


Output Register 


The output of the ALU drives the in- 
put of a 16-bit register. This rising- 
edge-triggered register is clocked by 
the same clock as the input registers. 
The output register is enabled by the 
ENF control signal. By disabling the 
output register, intermediate results 
can be held while loading new input 
operands. Three-state drivers con- 
trolled by the OE input allow the 
LAC381 to be configured in a single 
bidirectional bus system. 
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L4C381 


Bit Carry Generate = gi = AiBi, 
Bit Carry Propagate = pi = Ai + Bi, 


Po = po 
Pi = pi (Pi-1) 


and 


Go = go 
Gi = gi + pi (G+) 
Ci = Gi-1 + Pi+1 (Co) 


then 


G = NOT (G15) 

P = NOT (P15) 

Ci6 = Gi5 + P15Co 
OVF = C15 XOR C16 





The output register can be bypassed 
by asserting the FTF control signal. 
When the FTF control is asserted, out- 
put data is routed around the output 
register, however, it continues to func- 
tion normally via the ENF control. 
The contents of the output register 
will again be available on the output 
pins if FTF is released. With both 
FTAB and FTF true (high) the L4C381 
is functionally identical to four cas- 
caded 54S381-type devices. 


Operand Selection 


The two operand select lines OSA and 
OSB control multiplexers that precede 
the ALU inputs. These multiplexers 
provide an operand force-to-zero 
function as well as F register feedback 
to the B input. Table 2 shows the 
inputs to the ALU as a function of the 
operand select inputs. Either the A or 
B operands may be forced to zero. 


When both operand select lines are 
low, the L4C381 is configured as a 
chain calculation ALU. The registered 
ALU output is passed back to the B 
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OSB, OSA Operand B Operand A 





input to the ALU. This allows accu- 
mulation operations to be performed 
by providing new operands via the A 
input port. The accumulator can be 
preloaded from the A input by setting 
OSA true. By forcing the function 
select lines to the CLEAR state (000), 
the accumulator may be cleared. 
Note that this feedback operation 

is not affected by the state of the 

FTF control. That is, the F outputs 

of the L4C381 may be driven directly 
by the ALU (FTF = true). The out- 
put register continues to function, 
however, and provides the ALU B 
operand source. 
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16-bit Cascadable ALU L4C381 








Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground —0.5 V to +7.0 V 
Input signal with respect to ground -3.0 V to +7.0 V 
Signal applied to high impedance output —3.0 V to +7.0 V 


Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75V < Vcc <5.25V 
Active Operation, Military -55°C to +125°C 4.50 V < Vcc < 5.50 V 
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16-bit Cascadable ALU L4C381 





L4C381-55 L4C381-40 L4C381-26 
Fo-Fi5 P,G OVF,Z Cie |Fo-Fis P,G OVF,Z C16 |Fo-Fi5 P,G OVF,Z C16 


FTAB = 0, FIF=0 
Clock 
Co 
So-S2, OSA, OSB 
FTAB = 0, FTF =1 
Clock 
Co 
So-S2, OSA, OSB 
FTAB = 1, FTF =0 
Ao-—A15, Bo—B15 
Clock 
Co 
So-—S2, OSA, OSB 
FTAB = 1, FTF =1 
Ao-—A15, Bo—B15 
Clock (OSA,B=0) 
Co 
So-S2, OSA, OSB 
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16-bit Cascadable ALU L4C381 


L4C381-65 L4C381-45 L4C381-30 
Fo-Fis P,G OVF,Z C16 | Fo-Fis P,G OVF,Z Cié |Fo-Fi5 P,G OVF,Z C16 


FTAB = 0, FTF =0 
Clock 
Co 
So-—S2, OSA, OSB 
FTAB = 0, FTF =1 
Clock 


Co 

So-S2, OSA, OSB 
FTAB = 1, FTF =0 

Ao-A15, Bo-B15 

Clock 

Co 

So-S2, OSA, OSB 
FTAB = 1, FTF =1 

Ao-—A15, Bo—B15 

Clock (OSA,B=0) 

Co 

So-—S2, OSA, OSB 














FTAB=0 FTAB = 1 FTAB=0 FTAB = 1 FTAB =0 FTAB = 1 
Setup Hold | Setup Hold {| Setup Hold | Setup Hold | Setup Hold | Setup Hold 












a L4C381-65 L4C381-45 L4C381-30 


a 
2 [ee 
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| | kag38t-65 |L40381-45 | L4c381-30 
Minimum Cycle Time 
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16-bit Cascadable ALU 


L4C381 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 Vand Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tion can beaccurately approximated by: 


NCV2F 


4 
where 


N = total number of device outputs 
C =capacitive load per output 

V =suppy voltage 

F = clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 
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a. A0.1 uF ceramic capacitor should be 
installed between VCC and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
thechip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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L4C381 





Cascading the L4C381 to 32 bits is 
accomplished simply by connecting 
the C16 output of the least significant 
slice to the Co input of the most sig- 
nificant slice. The So-S2, OSA, OSB, 
ENA, ENB, and ENF lines are 
common to both devices. The Zero 
output flags should be logically 
ANDed to produce the Zero flag for 
the 32-bit result. The OVF and C16 
outputs of the most significant slice 
are valid for the 32-bit result. 


Propagation delay calculations for this 
configuration require two steps: First 
determine the propagation delay from 
the input of interest to the C1é output 
of the lower slice. Add this number 
to the delay from the Co input of the 
upper slice to the output of interest 


—_ Pd i a a 
= ae ae 2 oe 
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(of the Co setup time, if the F register 
is used). The sum gives the overall 
input-to-output delay (or setup time) 
for the 32-bit configuration. This 
method gives a conservative result, 
since the C16 output is very lightly 
loaded. Formulas for calculation of 
all critical delays for a 32-bit system 
are shown in Figures 1a through 1d. 


Cascading to greater than 32 bits can 
be accomplished in two ways: The 
simplest (but slowest) method is to 
simply connect the C16 output of each 
slice to the Co input of the next more 
significant slice. Propagation delays 
are calculated as for the 32-bit case, 
except that the Co to C16 delays for all 
intermediate slices must be added to 
the overall delay for each path. A 


faster method is to use an external 
carry-lookahead generator. The P and 
G outputs of each slice are connected 
as inputs to the CLA generator, which 
in turn produces the Co inputs for 
each slice except the least significant. 
The C16 outputs are not used in this 
case, except for the most significant 
one, which is the carry out of the 
overall system. The carry in to the 
system is connected to the Co input of 
the least significant slice, and also to 
the carry lookahead generator. 
Propagation delays for this configura- 
tion are the sum of the time to P, G, 
for the least significant slice, the 
propagation delay of the carry look- 
ahead generator, and the Co to output 
time of the most significant slice. 
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16-bit Cascadable ALU 


To 

» F 

-> Other 
-> Other 
~> Other 
Setup time 
Setup time 
Setup time 
Setup time 


From 


Clock 

Clock 

Co 

So-S2, OSA, OSB 
A,B 

Co 

So-S2, OSA, OSB 
ENA, ENB, ENF 
Minimum cycle time 


A16—A31 Bi6—B31 


MOST 
SIGNIFICANT 
SLICE 


Clock 

Clock 

Co 

Co 

So-S2, OSA, OSB 
So-S2, OSA, OSB 
A,B 

Co 

So-S2, OSA, OSB 
ENA, ENB, ENF 
Minimum cycle time 


Ai6—A31 Bie—B31 


MOST 
SIGNIFICANT 
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Ao—A15 
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L4C381 


Calculated Specification Limit 


Same as 16-bit case 

(Clock => C16) + (Co=> Out) 

(Co-> C16) + (Co Out) 

(So—S2, OSA, OSB > C16) +(Co-> Out) 
Same as 16-bit case 

(Co-> C16) + (Co Setup time) 

(So—S2, OSA, OSB => C16) + Co Setup 
Same as 16-bit case 

(Clock > C16) + (Co Setup time) 


Bo-—-Bis 


Co,So—-S2 
OSA, OSB 


LEAST 
SIGNIFICANT 
SLICE 


Calculated Specification Limit 

(Clock > C16) + (Co F) 

(Clock => C16) + (Co=> Out) 

(Co-> C16) + (Co F) 

(Co-> Ci6) + (Co-> Out) 

(So—S2, OSA, OSB > C16) + (Co F) 
(So-—S2, OSA, OSB > C16) + (Co Out) 
Same as 16-bit case 

(Co C16) + (Co Setup time) 

(So-S2, OSA, OSB -> C16) + (Co Setup time) 
Same as 16-bit case 

(Clock = C16) + (Co Setup time) 


CLOCK 


Co,So-S2 
OSA, OSB 


LEAST 
SIGNIFICANT 
SLICE 
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16-bit Cascadable ALU L4C381 














From To Calculated Specification Limit 


Clock >F Same as 16-bit case 

A,B -> Other (A, B => C16) + (Co > Out) 

Co -> Other (Co > C16) + (Co > Out) 

So-S2,OSA,OSB ~~ > Other (So—S2, OSA, OSB = C16) + (Co > Out) 
A,B Setup time (A, B => C16) + (Co Setup time) 

Co Setup time (Co => C16) + (Co Setup time) 
So-S2,OSA,OSB ___ Setup time (So—S2, OSA, OSB => C16) + (Co Setup time) 
ENA, ENB, ENF Setup time Same as 16-bit case 

Minimum cycle time (Clock -> C16) + (Co Setup time) 

(F register accumulate loop) 


Hut tu wt bt boo 


At6—A31 Bie—B31 Ao-Ai15 Bo-B15 


Co,So-S2 
OSA, OSB 


MOST LEAST 
SIGNIFICANT SIGNIFICANT 
SLICE SLICE 


From To Calculated Specification Limit 

A,B > F (A, B > C16) + (Co > F) 

A,B -> Other (A, B=» C16) + (Co - Out) 

Co > F (Co -> C16) + (Co => F) 

Co -> Other (Co -> Ci6) + (Co > Out) 
So-S2,OSA,OSB ->F (So-—S2, OSA, OSB => C16) + (Co > F) 
So-S2,OSA,OSB =» Other (So-S2, OSA, OSB => C16) + (Co > Out) 
A,B Setup time (A, B > C16) + (Co Setup time) 

Co Setup time (Co -» C16) + (Co Setup time 
So-S2,OSA,OSB ___ Setup time (So—S2, OSA, OSB = C16) + (Co Setup time) 
ENA, ENB, ENF Setup time Same as 16-bit case 

Minimum cycle time (Clock =» C16) + (Co Setup time) 

(F register accumulate loop) 
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A16—A31 Bre—B31 Ao—A15 Bo—B1s 


Co,So-S2 
OSA, OSB 


MOST LEAST 
SIGNIFICANT SIGNIFICANT 
SLICE 
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16-bit Cascadable ALU L4C381 


Top View 
Through Package 
(.6., Component Side Pinout) 
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{J Four-Wide 2910 ALU Plus Carry 
Look-ahead Logic and Full 16-bit 
Data Paths 

Q High Speed, Low Power CMOS 
Technology 

Q) Fast Clock Period: 

35 ns Commercial, 45 ns Military 

Available 100% Screened to MIL- 
STD-883, Class B 

Q Functionally Equivalent to AMD 
AM29C101 and Cypress CY7C9101 

CQ) Package Styles Available: 
© 64-pin Plastic DIP 

¢ 64-pin Sidebraze, Hermetic DIP 
© 68-pin Pin Grid Array 


The L29C101 is a high- performance, 
expandable, 16-bit Arithmetic Logic 
Unit slice manufactured using CMOS 
technology. Completely code compat- 
ible with its 4-bit predecessors, the 
part can be used to implement the 
arithmetic section of central proces- 
sors or many types of programmable 
controllers. 


The microinstruction set of the 
L29C101 is straightforward, yet 
versatile enough so that the part can 
be used to emulate the ALU opera- 
tions of most digital computers. 


The L29C101 is comprised of func- 
tions equivalent to four 2901 bit-slice 
ALU’s plus the 2902 carry look-ahead 
logic, all in a single 64-pin device. 


B WRITE ADOR 


B READ ADOR 


A READ ADDR 


CARRY IN 
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16x 16 
REGISTER FILE 


Soe ec 


8-FUNCTION 
ALU 
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L29C101 


Included are a 16-word by 16-bit dual- 
port register file, a 16-bit 8-function 
ALU, 16-bit shifters, and all the 
necessary decoding and control logic. 
All status, shift linkage, and carry 
functions are cascadable to allow con- 
struction of architectures wider than 
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DESTINATION ALU ALU 
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MICROINSTRUCTION DECODE 
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16-bits if desired. Expanded designs 
can take advantage of full carry-look- 
ahead for improved performance. 


The L29C101 is fully pin and function 
compatible with the Am29C101. The 
L29C101 is available in High-Rel 
versions that are fully compliant with 
MIL-STD-883C, class B. 


L29C101 Architecture 


A typical execution cycle for the 
L29C101 consists of reading two oper- 
ands simultaneously from the two- 
port register file, performing an ALU 
operation on these operands, and 
returning the result to the file. This 
entire operation can be completed in a 
single clock cycle, providing high 


A2 


A ADDRESS At 
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performance and simple microcode. 
Optionally, the ALU operands may be 
sourced by the external data port, an 
auxiliary register denoted the Quo- 
tient or "Q" register, or forced to zero 
under instruction control. Also, the 
data returned to the register file and 
the Q register may be shifted one bit 
in either direction to aid multiplica- 
tion and division operations. 


Register File 


The two-port register file has a ca- 
pacity of 16 words of 16 bits each. The 
A-port address (A0-A3) specifies the 
register to be read from the A-port, 
and the B-port address (Bo-B3) speci- 
fies the register to the read from the 
B-port. Both A and B addresses may 


16-WORD x 16-BIT 
DUAL PORT RAM 
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be the same, in which case identical 
data will appear at both A and B 
ports. In addition, the B-port address 
can specify a register location for 
writing. Data from the locations 
indicated by the A and B addresses 
are read from the register file during 
the low period of the clock. The data 
is applied to two latches which are 
transparent during the clock low 
period, and hold their state during the 
clock high period. The purpose of 
these latches is to hold the A and B 
ALU operands constant while a 
computation result is written back to 
the register file at the B address. This 
allows for a read-modify-write cycle, 
which is useful in applications such as 
accumulation. Under control of the 


RAM SHIFTER 


(16 x 3-IN MUX) 


B ADDRESS 
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Result Destination Field (Ie, I8), data to 
be written to the register file is stored 
into the register addressed by the B 
field on the rising edge of the clock. 


ALU Control 


The ALU is capable of performing 
eight operations. These functions are 
described in Table 2. The control 
inputs I3-I5 select one of three arith- 
metic or five logical operations to be 
performed on the input operands. 
The integral carry-lookahead circuitry 
across all 16 ALU bits is functionally 
equivalent to the 2902 carry-look- 
ahead unit and provides significant 
speed advantages. 


In the arithmetic mode, the ALU 
result is also a function of the Carry In 
input. When executing ALU Add or 
Subtract instructions, setting the C(n) 
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input to '1' causes the addition of '1' to 
the result. Thus for 2’s complement 
operations, C(n) of the least significant 
slice would be set to zero for addition, 
and to '1' for subtraction. This is be- 
cause the L29C101 ALU naturally im- 
plements 1’s complement subtraction, 
that is, a bitwise complement of one 
of the operands. In order to achieve a 
2’s complement result, a '1' must be 
added in the least significant position. 
This is accomplished using C(n). PASS 
and Negate operations are also 
available by combining arithmetic 
instructions (Add, Subtract) with any 
of the operand source options which 
set one operand to zero. Tables 5 and 
6 show the detailed ALU logic and 
arithmetic functions and the operands 
selected. Table 5 includes ALU 
function selection. 
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Operand Source Control 


As shown in the figure below, each of 
the ALU operands is supplied by a 
multiplexer, which allows significant 
flexibility in the selection of the 
operand source. The two 16-bit ALU 
inputs are denoted R and S. The R 
operand may be sourced by the A 
read port of the register file, from the 
D input pins, or may be forced to zero. 
The S operand may be sourced by the 
B read port of the register file, the A 
read port, (when the R operand is D 
or zero), the Q register, or forced to 
zero. Control of the operand selection 
multiplexers is encoded into contro] 
field I2-Io, as described in Table 1. 


Result Destination Control 


The instruction field I6—I8 is encoded 
to control the routing of the ALU 


Fis (SIGN) 
F=0 
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result field, denoted F, and the Q 
register contents. The encoding is 
defined in Table 3. Under instruction 
control, the ALU result can be stored 
in the register file, the Q register, or 
both. A No Operation capability is 
also provided during which the result 
is not stored in either location. This 
field also controls the value presented. 
at the Yo-Y15 outputs. These outputs 
generally reflect the ALU result F, but 
for one of the instruction decodes are 
driven by the A port value read from 
the register file. This provides the cap- 
ability to read data from the register 
file while simultaneously performing 
an ALU operation. This is useful in 
applications such as postincrement 
address generation, for example. 


In addition to destination control, up 
or down shifting of both the register 
file and Q register load values are 
controlled by the Ié-I8 field. Each can 
be up or down shifted one position 


ALU 
DESTINATION 
DECODE 


prior to storing in the destination 
register. The RAMo or Qo pins output 
the least significant bit of the value 
being stored for downshifts, and 
accept the bit to be stored in the least 
signficant position for upshifts. 
Similarly, the RAM15 or Qi5 pins 
output the most significant bit for 
upshifts, and accept the bit to be 
stored in the most significant position 
for downshifts. Table 3 gives the 
various shift actions and data destina- 
tions controlled by the Ié-Is inputs. 
Q-Register 
The Q-register is intended primarily 
for use as a separate working register 
for multiplication and division rou- 
tines but it also serves as an accumula- 
tor or for temporary storage. The 
Q register is loaded via a multiplexer, 
which allows either up or downshift 
of the Q register contents, or an un- 
shifted load of the Q register with the 
ALU result. 


Qis Qi4 Qi3 Qi2 
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Status Outputs 


The G and P outputs are low-true 
Carry Generate and Carry Propagate 
signals. They are used in conjunction 
with an external carry-lookahead 
generator when cascading L29C101 
slices beyond 32 bits. The C(n+16) is 
the Carry Out signal, which can be 
directly connected to the C(n) input 
of another L29C101 to implement a 
32-bit system. The OVR output 
indicates 2’s complement overflow for 
addition and subtraction. The logical 
definitions of the G, P, C(n+16), and 
OVR signals are given in Table 7. 


The MSB of the ALU result (F15) is 
provided so that the sign bit may be 
examined easily. The Z output is used 
for zero detection and is high when all 
of the F output bits are low. It is an 
open drain output which may be wire 
OR’ed across multiple slices. 
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ALU Source 
Operands 





Micro Code 


ALU 
Function 
R Plus S 
S Minus R 
R Minus S 
RORS 
RANDS 
RANDS 
REX-ORS 
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—65°C to +150°C 
—55°C to +125°C 
-0.5 V to +7.0V 
—3.0 V to +7.0 V 
—3.0 V to +7.0 V 


Storage temperature 
Operating ambient temperature 

Vcc supply voltage with respect to ground 
Input signal with respect to ground 

Signal applied to high impedance output 
Output current into low outputs 

Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 


Active Operation, Commercial 0°C to +70°C 4.75V<sVcc <5.25V 


Active Operation, Military 
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Output Leakage Current | Ground < VouT < Vcc 


—55°C to +125°C 4.50 V < Vcc < 5.50 V 
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Read — Modify — Write Cycle (from 


selection of A, B registers to end of cycle) 35 ns 
(50% duty cycle, | = 432 or 632) 30 MHz 
Minimum Clock LOW Time 
Minimum Clock HIGH Time 
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Read — Modify — Write Cycle (from 
selection of A, B registers to end of cycle) 45 ns 
25 MHz 


Maximum Clock Clie to shift Q 
(50% duty Clie | = 432 or 632) 








Minimum Clock LOW Time 20 ns 
Minimum Clock HIGH Time 20 ns 
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1. Maximum Ratings indicate stress 
specifications only. Functional opera- 
tion of these products at values beyond 
those indicated in the Operating Condi- 
tions table is not implied. Exposure to 
maximum rating conditions for extend- 
ed periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chip from dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 Vand Vcc + 0.6 V. The device can 
withstand indefinite operation with in- 
puts in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 


5. Supply current for a given appli- 
cation can be accurately approximated 
by: 
NOV?F 
4 





where 


N = total number of device outputs 
C = capacitive load per output 

V =suppy voltage 

F = clock frequency 
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6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or GND, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turnon/turnoff times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 


a. A0.1 pF ceramic capacitor should be 
installed between Vcc and GND leads 
as close to the Device Under Test (DUT) 
as possible. Similar capacitors should 
be installed be-tween device Vcc and 
the tester common, and device ground 
and tester common. 


b. GND and Vcc supply planes must 
be brought directly to the DUT socket or 
contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
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of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the 
external system must supply at least 
that much time to meet the worst-case 
requirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case oper- 
ation of any device always provides 
data within that time. 


11. Transition for tEN is measured 
+200mV from steady-state voltage 
with specified loading. 


12. A dash indicates a propagation 
delay or setup time constraint that does 
not exist. 


13. Certain signals must be stable 
during the entire clock LOW time to 
avoid erroneous operation. This is 
indicated by the phrase "do not 
change." 


14. Source addresses must be stable 
prior to the clock H-L transition to 
allow time to access the source data 
before the latches close. The A address 
may then be changed. The B address 
could be changed if it is not a 
destination; ie., if data is not being 
written back into the RAM. Normally A 
and B are not changed during the clock 
LOW time. 


15. The setup time prior to the clock 
L->H transition is to allow time for data 
to be accessed, passed through the 
ALU, and returned to the RAM. It 
includes all the time from stable A and 
B addresses to the clock LH 
transition, regardless of when the clock 
H->L transition occurs. 
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QO 32-bit Input, 32-bit Output 
Multiplexed to 16 Lines 

4 Full 0-31 Position Barrel Shift 
Capability 

Q Integral Priority Encoder for 32-bit 
Floating Point Normalization 

Q) Sign-Magnitude or Two’s Comple- 
ment Mantissa Representation 

1 32-bit Linear Shifts with Sign or 
Zero Fill 

Q Independent Priority Encoder 
Outputs for Block Floating Point 

Q) Package Styles Available: 
¢ 68-pin Plastic LCC, J-Lead 
© 68-pin Ceramic LCC (Type C) 
¢ 68-pin Pin Grid Array 


32:5 
PRIORITY 
ENCODE 


St4—Slo 


RIGHT/LEFT 
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The LSH32 is a 32-bit high speed 
shifter designed for use in floating 
point normalization, word pack/ 
unpack, field extraction, and similar 
applications. It has 32 data inputs, 
and 16 output lines. Any shift con- 
figuration of the 32 inputs, including 
circular (barrel) shifting, left shifts 
with zero fill, and right shift with sign 
extend are possible. In addition, a 
built-in priority encoder is provided 
to aid floating point normalization. 


The major features of the LSH32 
architecture are discussed in the 
following paragraphs. 


SIGN = I31-lo 


32-bit 
BARREL 

SHIFT 
ARRAY 
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Shift Array 


The 32 inputs to the LSH32 are 
applied to a 32-bit shift array. The 32 
outputs of this array are multiplexed 
down to 16 lines for presentation at 
the device outputs. The array may be 
configured such that any contiguous 
16-bit field (including wraparound of © 
the 32 inputs) may be presented to the 
output pins under control of the shift 
code field (wrap mode). Alterna- 
tively, the wrap feature may be 
disabled, resulting in zero or sign bit 
fill, as appropriate (fill mode). The 
shift code control assignments and the 
resulting input to output mapping for 
the wrap mode are shown in Table 1. 


Essentially the LSH32 is configured as 
a left shift device. That is, a shift code 
of 000002 results in no shift of the 
input field. A code of 000012 provides 
an effective left shift of 1 position, etc. 
When viewed as a right shift, the shift 
code corresponds to the two’s comple- 
ment of the shift distance, i.e., a shift 
code of 111112 (-110) results in a right 
shift of one position, etc. 


When not in the wrap mode, the 
LSH32 fills bit positions for which 
there is no corresponding input bit. 
The fill value and the positions filled 
depend on the Right/Left (R/L) 
direction pin. This pin is a don’t care 
input when in wrap mode. For left 
shifts in fill mode, lower bits are filled 
with zero as shown in Table 2. For 
right shifts, however, the SIGN input 
is used as the fill value. Table 3 
depicts the bits to be filled as a 
function of shift code for the right 
shift case. Note that the R/L input 
changes only the fill convention, and 
does not affect the definition of the 
shift code. 
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In fill mode, as in wrap mode, the shift 
ShiftCode Y31 Y30 - code input represents the number of 
shift positions directly for left shifts, 
but the two’s complement of the shift 
code results in the equivalent right 
shift. However, for fill mode the R/L 
input can be viewed as the most 
significant bit of a 6-bit two’s comple- 
ment shift code, comprised of R/L 
concatenated with the SI4-SI0 lines. 
Thus a positive shift code (R/T = 0) 
results in a left shift of 0-31 positions, 
and a negative code (R/L = 1) a right 
shift of up to 32 positions. The LSH32 
can thus effectively select any contigu- 
ous 32-bit field out of a (sign extended 
and zero filled) 96-bit "input." 


Output Multiplexer 


The shift array outputs are applied to 
a 2:1 multiplexer controlled by the 
MS/LS select line. This multiplexer 
makes available at the output pins 
either the most significant or least 
significant 16 outputs of the shift 
array. 


Priority Encoder 


ShiftCode Y31 Y30 ° 


The 32-bit input bus drives a priority 
encoder which is used to determine 
the first significant position for pur- 
poses of normalization. The priority 
encoder produces a five-bit code 
representing the location of the first 
non-zero bit in the input word. Code 
assignment is such that the priority 
encoder output represents the number 
of shift positions required to left align 
the first non-zero bit of the input 
word. Prior to the priority encoder, 
the input bits are individually exclu- 
sive OR’ed with the SIGN input. This 
allows normalization in floating point 
systems using two’s complement 
mantissa representation. A negative 
value in two’s complement represen- 
tation will cause the exclusive OR 
gates to invert the input data to the 
encoder. As a result the leading 
significant digit will always be "1." 
This affects only the encoder inputs; 
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32-bit Cascadable Barrel Shifter LSH32 


; the shift array always operates on the 
encore: Sete raw input data. The priority encoder 
function table is shown in Table 4. 


Normalize Multiplexer 


The NORM input, when asserted 
results in the priority encoder output 
driving the internal shift code inputs 
directly. It is exactly equivalent to 
routing the SO4—SOo outputs back to 
the SI4-Slo inputs. The NORM input 
provides faster normalization of 32-bit 
data by avoiding the delay associated 
with routing the shift code off chip. 
When using the NORM function, the 
LSH32 should be placed in fill mode, 
with the R/L input low. 


Applications Examples 


Normalization of mantissas up to 32 
bits can be accomplished directly by a 
single LSH32. The NORM input is 
asserted, and fill mode and left shift 
are selected. The normalized mantissa 
is then available at the device output 
in two 16-bit segments, under the 
control of the output data multiplexer 
select, the MS/LS. 





If it is desirable to avoid the necessity 
of multiplexing output data in 16-bit 
segments, two LSH32 devices can be 
used in parallel. Both devices receive 
the same input word, with the MS/LS 
select line of one wired high, and the 
other low. Each device will then 
independently determine the shift 
distance required for normalization, 
and the full 32 bits of output data will 





be available simultaneously. 
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Long-Word Normalization 
(Multiple Cycles) 


Normalization of floating point man- 
tissas longer than 32 bits can be ac- 
complished by cascading LSH32 units. 
When cascading for normalization, 
the device inputs are overlapped such 
that each device lower in priority than 
the first shares 16 inputs with its more 
significant neighbor. Fill mode and 
left shift are selected, however, inter- 
nal normalization (NORM) is not 
used. The most significant result half 
of each device is enabled to the 
output. The shift out (604-SOo) lines 
of the most significant slice are con- 
nected to the shift in lines of all slices, 
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LSH32 
SlI3-0 


including the first. The exception is 
that all SI4 lines are grounded, lim- 
iting the shift distance to 16 positions. 
The shift distance required for nor- 
malization is produced by the priority 
encoder in the most significant slice. 
The priority encoder will produce the 
shift code necessary to normalize the 
input word if the leading non-zero 
digit is found in the upper 16 bits. If 
this is the case, the number of shift 
positions necessary to accomplish nor- 
malization is placed on the SO4-SO0 
outputs for use by all slices, and the 
appropriate 0-15 bit shift is accom- 
plished. If the upper 16 bits are all 
zero, then the maximum shift of 15 
places is executed. Single clock nor- 
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malization requiring shifts longer than 
16 bits can be accomplished bya 
bank-select technique described 
below. 


Single Cycle Long-Word 
Normalization 


An extension of the above concept is a 
single clock normalization of long 
words (potentially requiring shifts of 
more than 15 places). The arrange- 
ment of LSH32s required is shown in 
Figure 1. Cascading of LSH32 units is 
accomplished by connecting the 
SI3-Slo input lines of each unit to the 
SO3-SOo outputs of the most signifi- 
cant device in the row as before. Es- 
sentially the LSH32s are arranged in 
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multiple rows or banks such that the 
inputs to successive rows are left- 
shifted by 16 positions. The outputs 
of each row are multiplexed onto a 
three-state bus. The normalization 
problem then reduces to selecting 
from among the several banks that 
one which has the first non-zero bit 
of the input value among its 16 most 
significant positions. If the most 
significant one in the input file was 
within the upper 16 locations of a 
given bank, the SO4 output of the 
most significant slice in that bank will 
be low. Single clock normalization 
can thus be accomplished simply by 
enabling onto the three-state output 
bus the highest priority bank in which 
this condition is met. In this way the 
input word will be normalized 
regardless of the number of shift 
positions required to accomplish this. 
The number of shift positions can be 
determined simply by concatenation 
of the SO3-SO0 outputs of the most 
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significant slice in the selected row 
with the encoded Output Enable-bits 
determining the row number. Note 
that lower rows need not be fully 
populated. This is because they 
represent left shifts in multiples of 16 
positions, and the lower bits of the 
output word will be zero filled. In 
order to accomplish this zero fill, the 
least significant device in each row is 
always enabled, and the row select is 
instead connected to the SI4 input. 
This will force'the shift length of the 
least significant device to a value 
greater than 15 whenever the row con- 
taining that device is not selected. 

This results in zero fill being accom- 
plished by the equivalently positioned 
slice in a higher bank, as shown in the 
diagram. 


Block Floating Point 


With a small amount of external logic, 
block floating point operations are 
easily accomplished by the LSH32. 
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LSH32 


Data resulting from a vector operation 
are applied to the LSH32 with the 
NORM-input deasserted. The 
$04-SO0 outputs fill then represent 
the normalization shift distance for 
each vector element in turn. By use of 
an external latch and comparator, the 
maximum shift distance encountered 
across all elements in the vector is 
saved for use in the next block opera- 
tion (or block normalization). During 
this subsequent pass through the data, 
the shift code saved from the previous 
pass is applied uniformly across all 
elements of the vector. Since the 
LSH32 is not used in the internal nor- 
malize mode, this operation can be 
pipelined, thereby obtaining the 
desired shift distance for the next pass 
while simultaneously applying the 
normalization required from the 
previous pass. 
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32-bit Cascadable Barrel Shifter LSH32 


Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground —0.5 V to +7.0V 
Input signal with respect to ground —3.0 V to +7.0 V 
Signal applied to high impedance output -3.0 V to +7.0 V 
Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75V<Vcc <5.25V 
Active Operation, Military —55°C to +125°C 4.50V<Vcc <5.50V 
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32-bit Cascadable Barrel Shifter LSH32 


Symbol Parameter 


tly |, SIGN Inputs to Y Outputs 


I, SIGN Inputs to SO Outputs 
tlyN | 1, SIGN Inputs to Y Outputs, Normalize Mode 


tsiy | Sl, RIGHT/LEFT to Y Outputs 
tusy | MS/LS Select to Y Outputs 


OE to Output Disable (Note 11) 
tENA | OE to Output Enable (Note 11) 
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32-bit Cascadable Barrel Shifter 


LSH32 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chipfrom dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vcc will be clamped beginning at 
-0.6 V and Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tion can beaccurately approximated by: 
NCV7F 
4 





where 


N = total number of device outputs 
C = capacitive load per output 

V =suppy voltage 

F = clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIs test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IoL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 
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a. A 0.1 pF ceramic capacitor should be 
installed between VcC and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
thechip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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32-bit Barrel Shifter with Registers 





QO 32-bit Input, 32-bit Output 
Multiplexed to 16 Lines 

{ Full 0-31 Position Barrel Shift 
Capability 

Q Integral Priority Encoder for 32-bit 
Floating Point Normalization 

O Sign-Magnitude or Two’s Comple- 
ment Mantissa Representation 

L) 32-bit Linear Shifts with Sign or 
Zero Fill 

QO Fully Registered Input/Output 
with Independent Bypass Paths 

OQ Package Styles Available: 

¢ 68-pin Plastic LCC, J-Lead 

¢ 68-pin Ceramic LCC (Type C) 

* 68-pin Pin Grid Array 
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The LSH33 is a 32-bit high speed 
shifter designed for use in floating 
point normalization, word pack/ 
unpack, field extraction, and similar 
applications. It has 32 data inputs, 
and 16 output lines. Any shift con- 
figuration of the 32 inputs, including 
circular (barrel) shifting, left shifts 
with zero fill, and right shift with sign 
extend are possible. In addition, a 
built-in priority encoder is provided 
to aid floating point normalizatio 


Input/Output registers provide 


complete pipelined operatign~BotP 
have independent bypass pa REIN, 
complete flexibility. 
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Shift Array 


The 32 registered inputs to the LSH33 
are applied to a 32-bit shift array. The 
32 outputs of this array can be regis- 
tered, then are multiplexed down to 
16 lines for presentation at the device 
outputs. The array may be configured 
that any contiguous 16-bit field 
uding wraparound of the 32 in- 
may be presented to the output 
der control of the shift code 

ap mode). Alternatively, the 
wtap feature may be disabled, result- 
ing in zero or sign bit fill, as appropri- 
ate (fill mode). The shift code control 
assignments and the resulting input to 
output mapping for the wrap mode 
are shown in Table 1. 


Essentially the LSH33 is configured as 
a left shift device. That is, a shift code 
of 000002 results in no shift of the 
input field. A code of 000012 provides 
an effective left shift of 1 position, etc. 
When viewed as a right shift, the shift 
code corresponds to the two’s comple- 
ment of the shift distance, i.e., a shift 
code of 111112 (110) results in a right 
shift of one position, etc. 







When not in the wrap mode, the 
LSH33 fills bit positions for which 
there is no corresponding input bit. 
The fill value and the positions filled 
depend on the Right/Left (R/L) 
direction pin. This pin is a don’t care 
input when in wrap mode. For left 
shifts in fill mode, lower bits are filled 
with zero as shown in Table 2. For 
right shifts, however, the SIGN input 
is used as the fill value. Table 3 
depicts the bits to be filled as a 
function of shift code for the right 
shift case. Note that the R/L input 
changes only the fill convention, and 
does not affect the definition of the 
shift code. 
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In fill mode, as in wrap mode, the shift 
ShiftCode Y31 Y30 ° code input represents the number of 
shift positions directly for left shifts, 
but the two’s complement of the shift 
code results in the equivalent right 
shift. However, for fill mode the R/L 
input can be viewed as the most 
significant bit of a 6-bit two’s comple- 
ment shift code, comprised of R/L 
concatenated with the SI4—-Slo lines. 
Thus a positive shift code (R/L = 0) 
results in a left shift of 0-31 positions, 
and a negative code (R/L = 1) a right 
shift qfiup to 32 positions. The LSH33 
effectively select any contigu- 
it field out of a (sign extended 
rolled) 96-bit "input." 


t Multiplexer 





(he shift array outputs can be regis- 
tered and then applied to a 2:1 multi- 
plexer controlled by the MS/LS select 
line. This multiplexer makes available 
at the output pins either the most 
significant or least significant 16 
outputs of the shift array. 


Priority Encoder 


The 32-bit input bus drives a priority 
encoder which is used to determine 
the first significant position for pur- 
poses of normalization. The priority 
encoder produces a five-bit code 
representing the location of the first 
non-zero bit in the input word. Code 
assignment is such that the priority 
encoder output represents the number 
of shift positions required to left align 
the first non-zero bit of the input 
word. Prior to the priority encoder, 
the input bits are individually exclu- 
sive OR’ed with the SIGN input. This 
allows normalization in floating point 
systems using two’s complement 
mantissa representation. A negative 
value in two’s complement represen- 
tation will cause the exclusive OR 
gates to invert the input data to the 
encoder. As a result the leading 
significant digit will always be "1." 
This affects only the encoder inputs; 
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32-bit Barrel Shifter with Registers LSH33 






































the shift array always operates on the 
raw input data. The priority encoder 
function table is shown in Table 4. 


Shift Code Y31 Y30 ° 


Normalize Multiplexer 


The NORM input, when asserted, 
results in the priority encoder output 
driving the internal shift code inputs 
directly. When using the NORM 
function, the LSH33 should be placed 
in fill mode, with the R/L input low. 


When NORM is high (not asserted), 
4-SI/O0 port acts as the shift 
ut to the shifter. 





are selected. The normalized mantissa 
is then available at the device output 
in two 16-bit segments, under the 
control of the output data multiplexer 
select, the MS/LS. 


If it is desirable to avoid the necessity 
of multiplexing output data in 16-bit 
segments, two LSH33 devices can be 
used in parallel. Both devices receive 
the same input word, with the MS/LS 
select line of one wired high, and the 
other low. Each device will then 
independently determine the shift 
distance required for normalization, 
and the full 32 bits of output data will 
be available simultaneously. 
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32-bit Barrel Shifter with Registers LSH33 


~—65°C to +150°C 
—55°C to +125°C 
-0.5 V to+7.0V 
-3.0V to +7.0V 


S 
Mode Ambi Supply Voltage 
Active Operation, Commercial eC 4.75V < Vcc <5.25V 
Active Operation, Military M2526 4.50 Vs Vcc < 5.50 V 
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32-bit Barrel Shifter with Registers LSH33 





Sl4—Slo 
R/L, FAW 
MS/LS 


FTl=1, FTO =1 
I31-lo, SIGN 
Sl4-Slo 
R/L, F/W 
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32-bit Barrel Shifter with Registers LSH33 


LSH33-50 
Y15—Yo $04-SO0 


_ Sl4—-Slo 
R/L, FW 
MS/LS 


FTl=1, FTO =0 
CLK 
MS/LS 


FTi=1, FTO =1 
131-lo, SIGN 
Sl4—Slo 
R/L, F/W 
MS/LS 


Minimum Cycle Time 
Highgoing Pulse 
Lowgoing Pulse 
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32-bit Barrel Shifter with Registers 


LSH33 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 
designed to protect the chip from dam- 
aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoo 
Input levels below ground or ab 
vec will be clamped beginnj 
-0.6 V and Vcc + 0.6 V. The de 
withstand indefinite op. 
inputs in the range of —3s 
Device operation will not B 
affected, however, input curré 
will be well in excess of 100 mA. 


4, Duration of the output short circuit 
should not exceed 30 seconds. 


7.0 % 
versely 
levels 
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5. Supply current for a given applica- 
tion can beaccurately approximated by: 
NCV?F 
4 





where 


N = total number of device outpu 
C = capacitive load per outpu 
V =suppy voltage 

F = clock frequency 



















nce levels of 1.5 V (except tEN/ 
S test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised inthe 
testing of this device. The following 
measures are recommended: 
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a. A0.1 pF ceramic capacitor should be 
installed between Vcc and Ground 







leads &§ close to the Device Under Test 
(DUT)\as possible. Similar capacitors 
re) installed between device VCC 
the ‘éster common, and device 

and tester common. 


Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground . 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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L10C23 





(2 High Speed (50 MHz), Low Power 
(125 mW), CMOS 64-bit Digital 
Correlator 

Q Functionally and Pin Compatible 
with TRW TDC1023] 

OQ Bits Can be Selectively Masked 

Q Three-State Outputs 

Q Available 100% Screended to MIL- 
STD-883, Class B 

QO Package Styles Available: 

e 24-pin Plastic DIP 
¢ 24-pin Sidebraze, Hermetic DIP 
¢ 28-pin Ceramic LCC (Type C) 


Aout 


A 
ouka—p At] Ae | eve [ate 


The L10C23 is a high speed CMOS 
64-bit digital correlator. It is pin-for- 
pin equivalent to the TDC1023 bi- 
polar correlator. The L10C23 operates 
over the full military ambient tem- 
perature range using advanced CMOS 
technology. 


The L10C23 produces the 7-bit corre- 
lation score of two input words of up 
to 64 bits, denoted A and B. The A and 
B inputs are serially shifted into two 
independently clocked 64-bit regis- 


eres 
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a: DIGITAL 


DEVICES INCORPORATED 


[ E necisten | 
LE neaisten | 


COMPARATOR 





5-159 


ters. The A register is clocked on the 
rising edge of CLK A, and the B regis- 
ter is clocked on the rising edge of 
CLK B. 


The outputs of the B register drive a 
64-bit transparent latch, denoted the 

C latch. The C latch is controlled by 
the LCL (Load C Latch) input. A high 
level on the LCL input causes the 

C latch to be transparent, allowing the 
contents of the B register to be applied 
directly to the correlator array. When 
the LCL input is low, the data in the 

C latch is held, so that the B input may 
be loaded with a new correlation ref- 
erence without affecting the current 
reference value stored in C. 


Each bit in the A register is exclusive 
NOR’ed with the corresponding bit in 
the C latch, implementing a single bit 
multiplication at each bit position. 


The mask register, denoted by M, is a 
third 64-bit register, which is serially 
loaded from the M input on the rising 
edge of CLK M. Bit positions in the 

M register which are set to zero mask 
the corresponding bits in the A and C 
registers from participating in the 
correlation score. This can be used to 
reduce the effective length of the cor- 
relation, or to correlate against only 
one channel of a bit-multiplexed data- 
stream without deinterleaving the 
data. 


The output of the masking process is a 
64-bit vector which contains ones in 
the locations in which A and B data 
match, and which are unmasked 

(M register contains a '1'). This 64-bit 
vector is applied to a pipelined digital 
summer which calculates the total 
number of ones in the vector (the cor- 
relation score). The summer network 
contains three pipeline stages, which 
are clocked on the rising edge of 

CLK S. Calculation of a correlation 
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64-bit Digital Correlator 


L10C23 





score therefore requires three clock 
cycies, but a new result can be ob- 

’ tained on each cycle once the pipeline 
is filled. 

Because a portion of the summer logic 
is located between the input registers 
and the first pipeline register, some 
timing restrictions exist between 

CLK S and CLK A, CLK B, or CLK M. 
CLK S may be tied to an input clock 
(usually CLK A) to obtain a continu- 
ously updated correlation score, 
delayed by three cycles from the data. 
Under this condition, CLK S may be 
skewed later than CLK A by no more 
than tSK to assure that the A register 
outputs have not changed before the 
S clock occurs. 


Alternatively, CLK S may be asyncro- 
nous to the input clocks, as long as 
data is stable at the pipeline register 
inputs prior to the CLK S rising edge. 
This condition can be met by assuring 
that CLK S occurs at least tps after the 
input clock. 


The summer output represents a 
count of the number of matching 
positions in the input data streams. 
This 7-bit result can be inverted 
(one’s-complemented) by loading 
a '1' into the INV register. 


Correlation values which exceed a 
predetermined threshold can be 
detected via the Threshold register 
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and Comparator. The Threshold reg- 
ister is loaded with a 7-bit value via 
the R6-Ro pins at the rising edge of 
CLK C and while OE is logic high. To 
achieve synchronization with the dig- 
ital summer, the Threshold register 
contents are fed into pipeline registers 
clocked by CLK S. The compare flag 
output (CFL) goes high when the 
summer output is equal to or greater 
than the contents of the Threshold 
register. 


Cascading the L10C23 devices for 
longer correlation lengths and more 
bits of reference or data precision is 
easily accomplished. The A, B, and M 
registers have serial outputs to dir- 
ectly drive the corresponding inputs 
of succeeding devices. The correlation 
scores of multiple devices in such a 
system should be added together to 
obtain the overall correlation score. 


Correlation on data exceeding one bit 
of precision can be accomplished by 
first calculating single-bit correlation 
scores at each bit position, then 
adding the results after weighting 
them appropriately. Thus, one L10C23 
would be used for each bit of preci- 
sion in the data. 


Logic Devices’ L4C381 16-bit ALU can 
be used to assist in adding the outputs 
of several L10C23 correlators. When 

adding several 7-bit correlation scores, 
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advantage can be taken of the fact that 
the sum of two 7-bit numbers will not 
exceed 8 bits. Thus the L4C381 can 
simultaneously perform two 7-bit 
additions. The first two operands are 
applied to Ae—Ao and Bé-Bo, with the 
result appearing on F7—-Fo. The second 
pair of operands are applied to 
A14-A8 and B14-B8, with the result 
appearing in Fi5-F8. The unused 
inputs are tied to ground. If it can be 
guaranteed that at least one of the 
input scores will not reach its maxi- 
mum value of 64, then this technique 
can also be applied in the second tier 
of adders. In this case, while the in- 
puts have 8 bits of precision, the max- 
imum value their sum can assume is 
255, which is expressable in 8 bits. 


Alternatively, when performing long 
correlations on relatively slow data- 
streams, one LAC381 can be config- 
ured using its feedback mode to accu- 
mulate the correlation scores of a 
number of L10C23s. To accomplish 
this, the outputs of all the correlators 
are tied together on a three-state bus. 
Each one is sequentially enabled and 
clocked into the L4C381, which 
accumulates the total resulting score. 
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64-bit Digital Correlator L10C23 


Storage temperature —65°C to +150°C 
Operating ambient temperature —55°C to +125°C 
Vcc supply voltage with respect to ground —0.5 V to +7.0 V 
Input signal with respect to ground -3.0 V to +7.0 V 
Signal applied to high impedance output 

Output current into low outputs 


Latchup current 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75V< Vcc <5.25V 
Active Operation, Military —55°C to +125°C 4.50V < Vcc < 5.50 V 














Hd 
o 
hl s 
< 
| 
: Gi 
nm 
°o . 


Symbol Parameter Test Condition 


Pw [tear 

| x | InputCurrent | Ground < VIN < Vcc 

Ground < VouT < Vcc 

} tos | Output Short Current | VOUT = Ground, Vcc = Max (Notes 4, 8) 
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(Note 7) 
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64-bit Digital Correlator L10C23 


L10C23- 


Symbol Parameter 
A, B, M Clock Period 
t 


Input Data Setup Time 


ts 

[tH —_| Input Data Hold Time 

tow | A,B,M,S,C Clock Pulse Width 
fs | S Clock Period, A, B, M Clock to S Glock Delay _| 
tsk | A,B, MClock to S Clock Skew (Notes) =| 
}toR | SClocktoRe-Ro 
Ftois | Output Disabie Time (Note 1) 
[tena | Output Enable Time (Note fi) 









| Min 
|A,B,MClockPeriod =| 
|ts__| inputDataSetupTime | 
}t | InputDataHoldTime | 
|tew | A,B,M,S,CClock Pulse Width 
[tps _| S Clock Period, A, B, M Clock to S Clock Delay _ 
[tsk | A,B, MClock to S Clock Skew (Note 8) 
|tOR 
jtoc 










| 20 
Prseadd 
| 58 
ae 
|SClocktoRs-Ro | 

toc | SClocktoCFL 
Lee 

aes: 

| 88 

| 20 







[ois | Output Disable Time Note) 
FteNA | Output Enable Time (Note) 
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L10C23 


64-bit Digital Correlator 
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64-bit Digital Correlator 


L10C23 





1. Maximum Ratings indicate stress 
specifications only. Functional oper- 
ation of these products at values be- 
yond those indicated in the Operating 
Conditions table is not implied. Expo- 
sure to maximum rating conditions for 
extended periods may affect reliability. 


2. The products described by this spec- 
ification include internal circuitry 


designed to protect the chipfrom dam- : 


aging substrate injection currents and 
accumulations of static charge. Never- 
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 


3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
vec will be clamped beginning at 
-0.6 Vand Vcc + 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 


4. Duration of the output short circuit 
should not exceed 30 seconds. 
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5. Supply current for a given applica- 
tion can beaccurately approximated by: 


NCV2F 
4 





where 


N = total number of device outputs 
C =capacitive load per output 

V =suppy voltage 

F =clock frequency 


6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 


7. Tested with all inputs within 0.1 V of 
Vcc or Ground, no load. 


8. These parameters are guaranteed 
but not 100% tested. 


9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIS test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 


This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 


a. A 0.1 uF ceramic capacitor should be 
installed between Vcc and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device VCC 
and the tester common, and device 
ground and tester common. 


b. Ground and Vcc supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 


c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vcc noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min- 
imum or maximum value. Input re- 
quirements are specified from the point 
of view of the external system driving 
thechip. Setup time, for example, is spe- 
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require- 
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 


11. Transition is measured +200 mV 
from steady-state voltage with speci- 
fied loading. 
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24-pin 24-pin 
(0.3" wide) (0.6" wide) 


vec 
MIN 
AIN 
BIN 
CLK C 
CLKS 
INV 
OE 


L1oc2sDc50 L10C23KC50 
LJ « 30 a « 30 
" "20 = 20 


L10C23DM60 L10C23KM60 
35 35 


L10C23DME60 
a a 35 
a a 20 


L10C23HMB60 L10C23DMB60 
« * 35 a : J 35 
a a 20 
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Product Selection /Cross Reference Guide 


Speed (ns) Power 
Part No. Description Com. Mil. (mW) Pins Packages Available 


4 Mbytes/s 2 Mbytes/s 50 40/44 
2 Mbytes/s 50 48/44 


DIP, PLCC 


L5380 SCSI Controller 
DIP, PLCC 


L53C80 SCSI Controller 4 Mbytes/s 


National 


LOGIC DEVICES AMD NCR 


AMS5380 NCR5380 
NCR5380-40 


AM53C80 NCR53C80 
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L5380/L53C80 








Q Asyncronous Transfer Rrate Up to 
4 Mbytes/sec 
Q Pin and Functionally Compatible 
with NCR5380, but 2.5x Faster 
[1 Low Power CMOS Technology 
Q) On-Chip SCSI Bus Drivers 
Q Supports Arbitration, Selection/ 
Reselection, Initiator or Target Roles 
1 Programmed or DMA I/O, Hand- 
shake or Wait State DMA Interlock 
Q Package Styles Available: 
¢ 40/48-pin Plastic DIP 
¢ 40/48-pin Sidebraze, Hermetic DIP 
¢ 44-pin Plastic LCC, J-Lead 
e 44-pin Ceramic LCC 


"teas 
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A, 2 3g 
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CPU 
VF 
LOGIC 
LOGIC 
REQ/ACK 
tad HANDSHAKE 
LOGIC 
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The L5380/ L53C80 are very high per- 
formance CMOS controllers which 
support the physical layer of the SCSI 
(Small Computer System Interface) 
bus as defined by the ANSI X3T9.2 
committee. It is pin and functionally 
compatible with the NMOS NCR5380, 
while offering ‘up to a 2.5x perform- 
ance improvement, 10x power reduc- 
tion, and lower cost. Replacement of 
the NMOS 5380 by the LOGIC De- 
vices L5380/L53C80 will result in an 
immediate transfer rate improvement 
due to REQ/ACK and DRQ/DACK 
handshake response times up to 5 
times faster than previous devices. 


CPU DATA BUS 


SCSI PHASE 
COMPARE 


CONTROL AND STATUS BUS 





6-3 


SCSI INPUT 
DATA REG 


While remaining firmware compatible 
with the NCR5380, the L5380/L53C80 
provides bug fixes and state machine 
enhancements allowing even larger 
throughput gains for new designs. 


The L5380/L53C80 supports asyncro- 
nous data transfer between initiator 
and target at up to 4 Mbytes/sec. It 
operates in either initiator or target 
roles, and offers a choice of program- 
med I/O (direct microprocessor mani- 
pulation of handshake) or any of 
several DMA modes (autonomous 
handshake and data transfer opera- 
tions). The L5380/L53C80 has 


SCSI OUTPUT 
DATA REG 
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internal hardware to support arbitra- 
tion, and can monitor and generate 
interrupts for a variety of error condi- 
tions. It provides extensive bus status 
monitoring features, and includes 
buffers capable of directly driving a 
terminated SCSI bus for a compact 
implementation. 


PIN DEFINITION 
A. SCSI Bus 


SDB7-0 — SCSI DATA BUS 7-0: 
Bidirectional / Active low. The 8-bit 
SCSI data bus is defined by these pins. 
SDB7 is the most significant bit. Dur- 
ing arbitration phase, these lines con- 
tain the SCSI [ID numbers of all initia- 
tors arbitrating for the SCSI bus; SDB7 
represents the initiator with the 
highest priority. During the selec- 
tion/reselection phase, these lines 
contain the ID number of the device 
that won the arbitration along with 
the ID number of the device to be 
selected /reselected. 


SDBP — SCSI DATA BUS PARITY: 
Bidirectional /Active low. SDBP is the 
parity bit of the SCSI data bus. Odd 
parity is used, meaning that the total 
number of ones on the bus, including 
the parity bit, is odd. Parity is always 
generated when sending information, 
however checking for parity errors 
when receiving information is a user 
option. Parity is not valid during arbi- 
tration phase. 


SEL — SELECT: 

Bidirectional /Active low. SEL is as- 
serted by the initiator to select a 
target. It is also asserted by the target 
when reselecting it as an initiator. 


BSY — BUSY: 

Bidirectional /Active low. BSY is as- 
serted to indicate that the SCSI bus is 
active. 


ACK — ACKNOWLEDGE: 

Bidirectional / Active low. ACK is as- 
serted by the initiator, during any in- 
formation transfer phase, in response 
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L5380 — 40-pin Plastic DIP (P) 
40-pin Hermetic DIP (D) 


L5380 — 44-pin J-Lead (J) 
44-pin Ceramic LCC (K) 
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to assertion of REQ by the target. 
Similarly, ACK is deasserted after 
REQ becomes inactive. These two 
signals form the data transfer hand- 


shake between the initiator and target. 


Data is latched by the target on the 
lowgoing edge of ACK for target re- 
ceive operations. 
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L53C80 -—— 48-pin Plastic DIP (P) 
48-pin Hermetic DIP (D) 


L53C80 — 44-pin J-Lead (J) 
44-pin Ceramic LCC (K) 
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ATN — ATTENTION: 

Bidirectional /Active low. ATN is as- 
serted by the initiator after successful 
selection of a target, to indicate an in- 
tention to send a message to the tar- 
get. The target responds to ATN by 
entering the MESSAGE OUT phase. 
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RST — SCSI BUS RESET: 
Bidirectional/Active low. RST when 
active indicates a SCSI bus reset 
condition. 


VO — INPUT/OUTPUT: 
Bidirectional / Active low. I/O is con- 
trolled by the target and specifies the 
direction of information transfer. 
When I/O is asserted, the direction of 
transfer is to the initiator. I/O is also 
asserted by the target during RESE- 
LECTION phase to distinguish it from 
SELECTION phase. 


C/D — CONTROL/DATA: 
Bidirectional / Active low. C/D is 
controlled by the target and when 
asserted, indicates CONTROL (com- 
mand or status) information is on the 
SCSI data bus. DATA is specified 
when C/D is deasserted. 


MSG — MESSAGE: 
Bidirectional/ Active low. MSG is 
controlled by the target, and when 
asserted indicates MESSAGE phase. 


REQ — REQUEST: 
Bidirectional/Active low. REQ is as- 
serted by the target to begin the hand- 
shake associated with transfer of a 
byte over the SCSI data bus. REQis 
deasserted upon receipt of ACK from 
the initiator. Data is latched by the 
initiator on the lowgoing edge of REQ 
for initiator receive operations. 





B. Microprocessor Bus 


CS — CHIP SELECT: 

Input/Active low. This signal enables 
reading or writing of the internal regi- 
sters by the microprocessor, using 
memory mapped I/O. An alternate 
method for reading selected registers 
is available for DMA. 


DRQ — DMA REQUEST: 
Output/Active high. This signal is 
used to indicate that the L5380/ 
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L53C80 is ready to execute the next 
cycle of a DMA transfer on the micro- 
processor bus. For send operations, it 
indicates that the output data register 
is ready to receive the next byte from 
the DMA controller or CPU. For re- 
ceive operations, it indicates that the 
input data register contains the next 
byte to be read by the DMA controller 
or CPU. 


IRQ — INTERRUPT REQUEST: 
Output/Active high. The L5380/ 
L53C80 asserts this signal to indicate 
to the microprocessor that one of the 
several interrupt conditions have been 
met. These include SCSI bus fault 
conditions as well as other events 
requiring microprocessor interven- 
tion. Most interrupt types are indi- 
vidually maskable. 


IOR — I/OREAD: 

Input/Active low. IOR is used in con- 
junction with CS and A2-0 to execute a 
memory mapped read of a L5380/ 
L53C80 internal register. It is also 
used in conjunction with DACK to 
execute a DMA read of the SCSI input 
data register. 


READY — READY: 

Output/Active high. Ready is used 
rather than DRQ as an alternate 
method for controlling DMA data 
transfer. This DMA type is termed 
blockmode DMA, and must be specifi- 
cally enabled by the CPU. In block- 
mode DMA, data is throttled by treat- 
ing the L5380/L53C80 as wait state 
memory. I7O (DMA) cycles are 
initiated at the maximum rate sustain- 
able by the DMA controller /memory 
subsystem, but all cycles are extended 
(wait-states inserted) until READY is 
asserted by the L5380/L53C80. This is 
generally the fastest DMA method 
since memory subsystem addressing 
can be overlapped with SCSI opera- 
tions (flyby mode). 
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DACK — DMA ACKNOWLEDGE: 
Input/Active low. DACK is used in 
conjunction with IOR or IOW to 
enable reading or writing the SCSI 
Input and Output Data Registers 
when in DMA mode. DACK resets 
DRQ and must not occur simultane- 
ously with CS. 


EOP — END OF PROCESS: 
Input/Active low. This input is 

used to indicate to the L5380/L53C80 
that a DMA transfer is to be con- 
cluded. The L5380/L53C80 can auto- 
matically generate an interrupt in : 
response to receiving EOP from the 
DMA controller. 


RESET — CPU BUS RESET: 
Input/Active low. This input clears 
all internal registers and state ma- 
chines. It does not result in assertion 
of the RST signal on the SCSI bus and 
therefore affects only the local L5380/ 
L53C80 and not other devices on the 
bus. 


IOW — I/O WRITE: 

Input/Active low. IOW is used in 
conjunction with CS and A2-0 to 
execute a memory mapped write of a 
L5380/L53C80 internal register. It is 
also used in conjunction with DACK 
to execute a DMA write of the SCSI 
output data register. 


A2, A1, Ao — ADDRESS 2,1,0: 
Inputs/Active high. These signals, in 
conjunction with CS, IOR, and IOW, 
address the L5380/L53C80 internal 
registers for CPU read / write opera- 
tions. 


D7-0 — DATA 7-0: 
Bidirectional/Active high. These sig- 
nals are the microprocessor data bus. 


D7 is the most significant bit. 
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L5380/L53C80 
INTERNAL REGISTERS 


Overview 


The L5380/L53C80 contains registers 
that are directly addressed by the 
microprocessor. These registers allow 
for monitoring of SCSI bus activity, 
controlling the operation of the 
L5380/L53C80, and determining the 
cause of interrupts. In many cases, a 
read-only and a write-only register are 
mapped to the same address. Some 
addresses are dummy registers which 
are used to implement a control op- 
eration but do not correspond to a 
physical register. The state of the 
CPU data bus when writing or 
reading these dummy registers is 
‘don’t care.’ Tables 1 and 3 show the 
address and name of each register as 
well as bit definitions. 


Register Descriptions 
A. WRITE OPERATIONS 


The following paragraphs give 
detailed descriptions of the function 
of each bit in the L5380/L53C80 inter- 
nal registers for write operations as 
shown in Table 1. 


WRITE ADDRESS 0 — 

Output Data Register 

The Output Data Register is a write- 
only register used for sending infor- 
mation to the SCSI data bus. During 
arbitration, the arbitrating SCSI device 
asserts its ID via this register. The 
device which wins arbitration also 
asserts the “OR” of its ID and the ID 
of the target /initiator to be selected / 
reselected. In programmed I/O, this 
register is written using CS and IOW 
with A2-0 = 000. In DMA mode, it is 
written when IOW and DACK are 
simultaneously active, irrespective of 
the state of the address lines. Note 
that a "1" written to the Output Data 
Register becomes a low state when 
asserted on the active-low SCSI bus. 
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WRITE ADDRESS 1 — 
Initiator Command Register 


The Initiator Command Register is a 
read/write register which allows CPU 
control of the SCSI signals asserted by 
the initiator. Some bits in this register 
are not readable, and these positions 
are mapped to status bits useful in 
monitoring the progress of arbitration. 
These, along with the initiation of 
systemwide reset and test functions 
may also be of use to the target. 


R1 Bit 7 - Assert RST 


When this bit is set, the L5380/L53C80 
asserts the RST line on the SCSI bus, 
initializing all devices on the bus to 
the reset condition. All logic and 
internal registers of the L5380/L53C80 
are reset, except for the Assert RST bit 
itself, the Testmode bit (R1 bit 6) and 
the IRQ (interrupt request) latch. The 
IRQ pin becomes active indicating a 
SCSI bus reset interrupt. This inter- 
rupt is not maskable. 


R1 Bit 6 - Testmode 


When this bit is set, the L5380/L53C80 
places all outputs including both SCSI 
and CPU signals, in a high impedance 
state. This effectively removes the de- 
vice from the system as an aid to sys- 
tem diagnostics. Note that internal 
registers may still be written while in 
testmode. The L5380/L53C80 returns 
to normal operation when Testmode 
is reset. The Testmode bit is reset by 
writing a 0 to R1 bit 6, or via the 
RESET (CPU reset) pin. Testmode is 
not affected by the RST (SCSI bus 
reset) signal, or by the Assert RST bit 
in the Initiator Command Register (R1 
bit 7). 


R1 Bit 5 - Not Used 


R1 Bit 4 - Assert ACK 

When this bit is set, ACK is asserted 
on the SCSI bus. Resetting this bit de- 
asserts ACK. Note that ACK will be 
asserted only if the TARGETMODE 
bit (R2 bit 6) is reset, indicating that 
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the L5380/L53C80 is acting as an ini- 
tiator. 


R1 Bit 3 - Assert BSY 


When this bit is set, BSY is asserted on 
the SCSI bus. Resetting this bit deas- 
serts BSY. BSY is asserted to indicate 
that the device has been selected or 
reselected, and deasserting BSY causes 
a bus free condition. 


R1 Bit 2 - Assert SEL 


When this bit is set, SEL is asserted on 
the SCSI bus. Resetting this bit deas- 
serts SEL. SEL is normally asserted 
after a successful arbitration. 


R1 Bit 1- Assert ATN 


When this bit is set, ATN is asserted 
on the SCSI bus. Resetting this bit de- 
asserts ATN. ATN is asserted by the 
initiator to request message out phase. 
Note that ATN will be asserted only if 
the TARGETMODE bit (R2 bit 6) is 
reset, indicating that the L5380/ 
L53C80 is acting as an initiator. 


R1 Bit 0 - Assert Data Bus 


When this bit is set, the open drain 
SCSI data bus and parity drivers are 
enabled and the contents of the 
Output Data Register are driven onto 
the SCSI data lines. In addition to the 
Assert Data Bus bit, enabling of the 
SCSI bus drivers requires one of the 
following two sets of conditions: 


When the L5380/L53C80 is operating 
as an initiator, the Targetmode bit (R2 
bit 6) must be reset, the I/O pin must 
be negated (initiator to target transfer) 
and no phase mismatch condition 
exist. A phase mismatch occurs when 
the MSG, C/D, and I/O bits of the 
Target Command Register (R3) do not 
match the corresponding SCSI control 
lines. 

When the L5380/L53C80 is operat- 
ing as a target, the Targetmode bit 
will be set, and in this case Assert 
Data Bus will enable the outputs 
unconditionally. 
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The Assert Data Bus bit need not be 
set for arbitration to occur; when the 
Arbitrate bit (R2 bit 0) is set, and a bus 
free condition is detected, the data bus 
will be enabled for arbitration inde- 
pendent of the state of the Assert Data 
Bus bit. 


Finally, note that the Testmode bit 
(R1 bit 6) overrides all other controls 
including Assert Data Bus and 
Arbitrate, and disables all outputs. 


WRITE ADDRESS 2 — 
Mode Register 


The Mode register is a read/write 
register which provides control over 
several aspects of L5380/L53C80 
operation. Programmed I/O or two 
different types of DMA transfer may 
be selected, initiator or target device 
operation is accommodated, and 
parity checking and interrupts may be 
enabled via this register. The function 
of each individual bit is described as 
follows: 


R2 Bit 7 - Blockmode 


This bit must be used in conjunction 
with DMA Mode (R2 bit 1). It is used 
to select the type of handshake 
desired between the L5380/L53C80 
and the external DMA controller. See 
“L5380/L53C80 Data Transfers” for a 
complete discussion of the transfer 


types supported. 
R2 Bit 6 - Targetmode 


When this bit is set, the L5380/L53C80 
will operate as a SCSI target device. 
This enables the SCSI signals I70, 
C/D, MSG, and REQ to be asserted. 
When Targetmode is reset, the device 
will operate as an initiator. This 
enables the SCSI signals ATN and 
ACK to be asserted. Targetmode also 
affects state machine operation for 
DMaA transfers, and the conditions 
necessary for enabling the SCSI Data 
bus drivers. (See Assert Databus, 

RI bit 0). 
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Address 0 — Output Data Register 
7 6 5 4 3 2 1 0 
Address 1 — Initiator Command Register 


7 6 5 4 3 2 1 0 
ASSERT| TEST ASSERT! ASSERT] ASSERT | ASSERT| ASSERT 
RST MODE ACK BSY SEL ATN DATA 

BUS 


Address 2 — Mode Register 


7 6 5 4 3 2 1 0 
BLOCK | TARGET; ENABLE; ENABLE} ENABLE} MONI- DMA ARBI- 
MODE | MODE | PARITY} PARITY | EODMA| TOR | MODE | TRATE 

CHECK | INT'RPT | INT'RPT} BUSY 
Address 3 — Target Command Register 
6 § 4 3 2 1 0 
ASSERT | ASSERT |ASSERT | ASSERT 
REQ MSG cid ie) 
Address 4 — ID Select Register 


7 6 5 4 3 2 1 0 


Address 5 — Start DMA Send 
7 6 5 4 


BYTE 
SENT 


Address 6 — Start DMA Target Receive 
7 6 5 4 3 


Address 7 — Start DMA Initiator Receive 
7 6 5 4 
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R2 Bit 5 - Enable Parity Check 


When this bit is set, information 
received on the SCSI data bus is 
checked for odd parity. When Enable 
Parity Check is set, the Parity Error 
latch will be set whenever data is re- 
ceived under DMA control or the 
Current SCSI Data Register (Read 
Register 0) is read by the CPU. The 
state of the parity error latch can be 
determined by reading RS bit 5, and it 
can be reset by a read to Address 7. 
Note that enable parity check must be 
set if parity error interrupts are to be 
generated. This interrupt can be 
separately masked by the Enable 
Parity Interrupt bit (R2 bit 4) while 
retaining the state of the parity error 
latch for later examination by the 
CPU. 


R2 Bit 4 - Enable Parity Interrupt 


When this bit is set, the L5380/L53C80 
will set the interrupt request latch, 
and assert IRQ (interrupt request) if it 
detects a parity error. Enable Parity 
Check (R2 bit 5) must also be set if 
parity error interrupts are desired. 


R2 Bit 3 - Enable End Of DMA Interrupt 


When this bit is set, the L5380/L53C80 
will set the interrupt request latch, 
and assert IRQ (interrupt request) if it 
detects a valid EOP (End of Process) 
signal. EOP is normally generated by 
a DMA controller to indicate the end 
of a DMA transfer. EOP is valid only 

~ when coincident with IOR or IOW 
and DACK. 


R2 Bit 2 - Monitor Busy 


When this bit is set, the L5380/L53C80 
continuously monitors the state of the 
BSY signal. Absence of BSY for a 
period longer than 400 ns (but less 
than 1200 ns) will cause the L5380/ 
L53C80 to set the BSYERR and IRQ 
(interrupt request) latches. In addi- 
tion, the 6 least significant bits of the 
Initiator Command Register are reset, 
and all SCSI data and control outputs 
are disabled until the BSYERR latch is 
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reset. This effectively disconnects the 
L5380/L53C80 from the SCSI bus in 
response to an unexpected disconnect 
by another device. It also allows the 
CPU to be interrupted when the SCSI 
bus becomes free in systems where 
arbitration is not used and an EOP 
signal is not available. 


R2 Bit 1- DMA Mode 


When this bit is set, the L5380/ 
L53C80’s internal state machines 
automatically control the SCSI signals 
REQ and ACK (as appropriate for 
initiator or target operation) and the 
CPU signals’ DRQ and READY. DMA 
Mode must be set prior to starting a 
DMaA transfer in either direction. The 
DMA Mode bit is reset whenever a 
bus free condition is detected (BSY is 
not active). This aborts DMA opera- 
tions when a loss of BSY occurs, re- 
gardless of the state of the Monitor 
Busy bit (R2 bit 2.) The DMA Mode 
bit is not reset when EOP is received, 
but must be specifically reset by the 
CPU. EOP does however inhibit addi- 
tional DMA cycles from occurring. 


R2 Bit 0 - Arbitrate 


This bit is set to indicate a desire to 
arbitrate for use of the SCSI bus. 
Before setting the Arbitrate bit, the 
SCSI Output Data Register (Write 
Register 0) must be written with the 
SCSI ID assigned to the arbitrating 
SCSI device. The bit position of 


MSG C/D V/O 

Data Out 
Data In 
Command 
Status 
Unused 
Unused 


Message Out 


0 
1 
0 
1 
0 
1 
0 
1 


Message In 
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register RO which is set represents the 
priority number of the SCSI device, 
with bit 7 the highest priority. See the 
section on “Arbitration” for a full 
discussion of the L5380/L53C80 arbi- 
tration procedure. 


WRITE ADDRESS 3 — 
Target Command Register 


The Target Command Register is a 
read/write register which allows CPU 
control of the SCSI signals asserted by 
the target. In addition, this register 
contains a read-only status flag useful 
in unambiguously determining when 
the last byte of a DMA transfer has 
actually been sent over the SCSI bus. 


When operating as an initiator with 
DMA mode set, the ASSERT MSG, 
ASSERT C/D, and ASSERT I70 bits 
are used as a template to compare 
against the corresponding SCSI 
control signals provided by the target. 
A phase mismatch interrupt will be 
generated on the falling edge of the 
REQ input if the template does not 
match the state of the signals. There- 
fore the CPU should initialize these 
bits to the phase of the expected data 
transfer. An interrupt then will signal 
an intent by the target to change toa 
new phase. The SCSI information 
transfer phases and their associated 
direction of data transfer are given in 
Table 2. 


Direction 
Initiator Target 
Target Initiator 
Initiator Target 


Target Initiator 


Initiator Target 


Target Initiator 
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R3 Bits 7-4 - Not Used 


R3 Bit 3 - Assert REQ 


When this bit is set, REQ is asserted 
on the SCSI bus. Resetting this bit de- 
asserts REQ. Note that REQ will be 
asserted only if the TARGETMODE 
bit (R2 bit 6) is set, indicating that the 
L5380/L53C80 is acting as a target. 


R3 Bit 2 - Assert MSG 


When this bit is set, MSG is asserted 
on the SCSI bus. Resetting this bit de- 
asserts MSG. Note that MSG will be 
asserted only if the TARGETMODE 
bit (R2 bit 6) is set, indicating that the 
L5380/1L53C80 is acting as a target. 
When operating as an initiator, this bit 
is compared against the MSG input, 
and an interrupt is generated if they 
differ at the falling edge of REQ. 


R3 Bit 1 - Assert C/D 


When this bit is set, C/D is asserted 
on the SCSI bus. Resetting this bit de- 
asserts C/D. Note that C/D will be 
asserted only if the TARGETMODE 
bit (R2 bit 6) is set, indicating that the 
L5380/L53C80 is acting as a target. 
When operating as an initiator, this bit 
is compared against the C/D input, 
and an interrupt is generated if they 
differ at the falling edge of REQ. 
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R3 Bit 0 - Assert 1/0 


When this bit is set, I/O is asserted on 
the SCSI bus. Resetting this bit deas- 
serts I/O. Note that I/O will be 
asserted only if the TARGETMODE 
bit (R2 bit 6) is set, indicating that the 
L5380/L53C80 is acting as a target. 
When operating as an initiator, this bit 
is compared against the I/O input, 
and an interrupt is generated if they 
differ at the falling edge of REQ. 


WRITE ADDRESS 4— 
ID Select Register 


The ID Select Register is a write-only 
register which is used to monitor for 
selection or reselection attempts to 
the L5380/L53C80. In arbitrating 
systems, an ID number is assigned to 
each SCSI device by setting a single 
bit position of the ID select register. 
Each SCSI data pin is inverted and 
compared with the corresponding bit 
in the ID Select Register. If any 
matches are found while a bus free 
condition exists and SEL is active, the 
L5380/L53C80 will generate an inter- 
rupt to indicate a selection or reselec- 
tion. During selection or reselection, 
parity checking may be enabled by 
setting the Enable Parity Check bit (R2 
bit 5). This interrupt may be masked 
by resetting all bits in this register. 
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WRITE ADDRESS 5 — 
Start DMA Send 


This is a dummy register. Writes to 
this location are detected and cause 
the L5380/L53C80 internal state ma- 
chine to execute a DMA send opera- 
tion. This location is used for either 
initiator or target DMA send. The 
DMAMODE bit (R2 bit 1) must be set 
prior to writing this location. 


WRITE ADDRESS 6 — 

Start DMA Target Receive 

This isa dummy register. Writes to 
this location are detected and cause 
the L538/L53C80 internal state ma- 
chine to execute a target DMA receive 
operation. The DMAMODE bit (R2 
bit 1) and the TARGETMODE bit (R2 
bit 6) must be set prior to writing this 
location. 


WRITE ADDRESS 7 — 
Start DMA Initiator Receive 


This isa dummy register. Writes to 
this location are detected and cause 
the L5380/L53C80 internal state ma- 
chine to execute an initiator DMA 
receive operation. The DAAMODE 
bit (R2 bit 1) must be set and the 
TARGETMODE bit (R2 bit 6) must be 
reset prior to writing this location. 
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B. READ OPERATIONS 


The following paragraphs give 
detailed descriptions of the function 
of each bit in the L5380/L53C80 inter- 
nal registers for read operations as 
shown in Table 3. 


READ ADDRESS 0 — 
Current SCSI Data Bus 


The Current SCSI Data Bus Register 
allows the microprocessor to monitor 
the SCSI data bus at any time, by 
asserting CS and IOR with address 
lines A2-0 = 000. The SCSI data lines 
are not actually registered, but gated 
directly onto the CPU bus whenever 
address 000 is read by the CPU. 
Therefore, reads of this location 
should only be done when the SCSI 
data lines are guaranteed to be stable 
by the SCSI protocol. For systems 
which implement SCSI bus arbitra- 
tion, this location is read to determine 
whether devices having higher priori- 
ties are also arbitrating. Programmed 
I/O data transfer uses this location for 
reading data transferred on the SCSI 
data bus. With parity checking 
enabled, SCSI data bus parity check- 
ing is done at the beginning of the 
read cycle for fast error detection. 
Note that the SCSI data bus is in- 
verted to become active high when 
presented to the CPU. 


READ ADDRESS 1 — 
Initiator Command Register 


Reading bit 7 or bits 4-0 of the Initia- 
tor Command Register simply reflects 
the status of the corresponding bit in 
the register. Bits 6 and 5 are mapped 
to other signals as discussed below: 


R1 Bit 6 - Arbitration In Progress 


For this bit to be active, the ARBI- 
TRATE bit (R2 bit 0) must be set. 
When ARBITRATION IN PROGRESS 
is set, it indicates that the L5380/ 
L53C80 has detected a bus free 
condition and is currently arbitrating 


in, a. a 
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for control of the bus. See the section 
on “Arbitration” for a complete 
discussion of the L5380/L53C80 
arbitration mechanism. Resetting the 
ARBITRATE bit will reset ARBITRA- 
TION IN PROGRESS. 


R1 Bit 5 - Lost Arbitration 


For this bit to be active, the ARBI- 
TRATE bit (R2 bit 0) must be set. 
When LOST ARBITRATION is set, 
it indicates that the L5380/L53C80 
has arbitrated for the SCSI bus (see 
R1 bit 6 above) and has detected the 
assertion of SEL by another (higher 
priority) device. The L5380/L53C80 
responds to loss of arbitration by 
immediately discontinuing the 
arbitration attempt. Resetting the 
ARBITRATE bit will reset LOST 
ARBITRATION. 


READ ADDRESS 2 — 
Mode Register 


Reading the Mode Register simply 
reflects the status of the bits in that 
register. 


READ ADDRESS 3 — 
Target Command Register 


Reading the Target Command Regi- 
ster simply reflects the status of the 
bits in that register, except for bit 7, 
LAST BYTE SENT. 


R3 bit 7 - Last Byte Sent 

This read only bit indicates that the 
last byte of data loaded into the 
L5380/L53C80 during a DMA send 
operation has actually been trans- 
ferred over the SCSI bus. Note that 
the end of process flag and the 
corresponding interrupt occur when 
this byte is loaded into the L5380/ 
L53C80, but do not reflect whether it 
has actually been sent. This bit is not 
present in the NCR5380, but is present 
in the NCR53C80. Last Byte Sent is 
reset when the DMAMODE bit (R2 
bit 1) is reset. 
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READ ADDRESS 4 — 
Current SCSI Control Register 


The Current SCSI Control Register 
provides a means for the CPU to di- 
rectly monitor the state of the SCSI 
bus control signals. The SCSI control 
lines are not actually registered, but 
gated directly onto the CPU bus 
whenever Address 100 is read by the 
CPU. The value of each bit position 
represents the complement of the cor- 
responding (low true) SCSI Signal Pin. 


READ ADDRESS 5 — 
DMA Status Register 


The DMA Status Register provides a 
means for the CPU to determine the 
status of a DMA transfer and to 
determine the cause of an interrupt. It 
also makes available the final two 
SCSI bus signals which are not in- 
cluded in the Current SCSI Control 
Register. The function of each indi- 


vidual bit is defined as follows: 


R5 Bit 7 - End of DMA 


When this bit is set, it indicates that a 
valid EOP has been received during a 
DMA transfer. A valid EOP occurs 
when EOP, DACK, and either [OR or 
IOW are simultaneously active for the 
minimum specified time. End of 
DMA is reset when the DUAMODE 
bit (R2 bit 1) is reset. 


Note that for DMA send operations, 
an END OF DMA status indicates 
only that the last byte of the transfer is 
loaded into the Output Data Register 
of the sending device, not that it has 
actually been transferred over the 
SCSI bus. For this reason, the L5380/ 
L53C80 provides an additional status 
bit; LAST BYTE SENT (R3 bit 7) which 
indicates that this final byte has been 
transferred to the receiving end. This 
bit is not present in the NCR5380. 


Also, note that the DMAMODE bit is 
reset automatically whenever a loss of 
busy condition is detected, which in 
turn resets END OF DMA. Therefore 
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the DMA Status Register should be 
read prior to resetting the ASSERT 
BSY bit (R1 bit 3) at the conclusion ofa | Address 0 — Current SCSI Data Bus 
DMA transfer. 


7 6 5 4 3 2 1 0 
R5 Bit 6 - DMA Request 
This bit reflects the state of the DRQ SDB7 | SDBs SDB SDB1 | SDBo 
(DMA Request) signal. In pro- 


grammed I/O, this bit can be polled 
by the CPU to determine whether 
there is a pending request for byte 7 6 5 4 S. = _ a5 1 xs _ 
transfer. For DMA send operations, ASSERT) ARB. IN LOST | ASSERT) ASSER tS} T Ss Ss 
DMA REQUEST is reset when DACK | Be | eR APEY uh geeks 9 ON Oe 
and IOW are simultaneously asserted. 
For DMA receive operations, simulta- 
neous DACK and {OR will reset DMA | Address 2 — Mode Register 
REQUEST. DMA REQUEST is reset 7 6 5 4 3 2 1 0 
unconditionally when the BLOCK | TARGET] ENABLE | ENABLE|ENABLE| MONI | DMA | ARBI- 

: +4195 MODE | MODE | PARITY | PARITY | EODMA| TOR MODE | TRATE 
DMAMODE bit (R2 bit 1) is reset. CHECK | INTRPT| INTRPT! BUSY 
R5 Bit 5 - Parity Error 
This bit can only be set if ENABLE Address 3 — Target Command Register 
PARITY CHECK (R2 bit 5) is set. 


7 6 5 4 3 2 1 0 
When enabled, the PARITY ERROR LAST ASSERT] ASSERT [ASSERT | ASSERT 
bit is set if incoming SCSI data in BYTE REO MSG ‘oy/) VO 
either initiator or target mode, or SENT 


during selection phase, does not 


correctly reflect odd parity. PARITY Address 4 — Current SCSI Control Register 
ERROR can be reset by a read to 5 4 


Address 1 — Initiator Command Register 











1 0 


7 6 3 2 
the Reset Error/Interrupt Register 
R5 Bit 4 - Interrupt Request 


This bit reflects the state of the IRQ 
signal. The L5380/L53C80 asserts 
IRQ to generate an interrupt to the 


7 6 5 4 3 2 1 0 
CPU. See the section on “Interrupts” END | DMA | PARITY] INTER- | PHASE | BUSY 
for further information on the possible a MATCH jon am | Ac 
sources of interrupts in the L5380/ : 


L53C80. INTERRUPT REQUEST can 
be reset by a read to the Reset Error/ Address 6 — Input Data Register 


Interrupt Register (Register 7). 7 6 5 4 3 2 1 0 


R5 Bit 3 - Phase Match 
When this bit is set, it indicates that 

Address 7 — Reset Error/Interrupt Register 
7 6 5 4 


Address 5 — DMA Status Register 


the MSG, C/D, and I/O lines match 
the state of the ASSERT MSG, AS- 
SERT C/D, and ASSERT I/0 bits in 
the Target Command Register. 
PHASEMATCH is not actually regis- 
teréd, but represents a continuous 
comparison of these three phase bits 
to the corresponding internal register 
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locations. This bit is intended for use 
by the initiator to detect that the target 
device has changed to a different 
information transfer phase. When the 
L5380/L53C80 detects a phase mis- 
match, PHASEMATCH is reset, and 
information transfer to or from the 
SCSI bus is inhibited. 


R5 Bit 2 - Busy Error 


This bit can only be set if the MONI- 
TOR BUSY bit (R2 bit 2) is set. When 
set, BUSY ERROR indicates that the 
BSY pin has been false for a period at 
least equal to a bus settle delay 

(400 ns) When the BUSY ERROR con- 
dition is detected, all SCSI signal pins 
are disabled, and the DMAMODE 

bit (R2 bit 1) and bits 0-5 of the 
Initiator Command Register are reset. 
BUSY ERROR can be reset by a read 
to the Reset Error /Interrupt Register 
(Register 7). 


R5 Bits 1,0 - ATN, ACK 

Like the Current SCSI Control Regi- 
ster, these bits provide a means for the 
CPU to directly monitor the state of 
the SCSI bus control signals. The SCSI 
control lines are not actually regis- 
tered, but gated directly onto the CPU 
bus whenever Address 5 is read by the 
CPU. The value of each bit position 
represents the complement of the cor- 


responding (low true) SCSI Signal Pin. 


READ ADDRESS 6 — 
Input Data Register 


This register acts as a temporary 
holding register for information 
received from the SCSI data bus dur- 
ing DMA transfers (OMAMODE bit, 
R2 bit 1 is set). In the initiator mode, 
the L5380/L53C80 latches the SCSI 
data when REQ goes active, while in 
the target mode data is latched when 
ACK goes active. The contents of this 
register represent the negation of the 
low-true SCSI data. The contents of 
the SCSI Input Data Register are gated 
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onto the CPU data bus when DACK 
and IOR are simultaneously true, or 
by a CPU read of location 6. Note that 
DACK and CS must never be active si- 
multaneously, to prevent conflicting 
read operations. Parity may option- 
ally be checked on the data as it is 
loaded into this register. 


READ ADDRESS 7 — 
Reset Error/Interrupt Register 


This is a dummy register. Reads to 
this location are detected and used to 
reset the Interrupt Request Latch (IRQ 
signal) and the PARITY ERROR, 
INTERRUPT REQUEST, and BUSY 
ERROR latches (visible as bits 5, 4, 
and 2 of Register 5). 


INTERRUPTS 


The L5380/L53C80 generates inter- 
rupts to the CPU by setting the 
Interrupt Request Latch, which 
directly drives the IRQ (Interrupt 
Request) line. The IRQ output will 
reflect the state of the Interrupt 
Request Latch under all conditions 
except when TESTMODE (R1 bit 6) is 
active, when it is in a high impedance 
state. The Interrupt Request Latch 
may be reset by reading Address 7, 
the Reset Error/Interrupt Register. A 
read of this location also resets several 
error condition latches as discussed in 
the section on “Internal Registers.” 


Interrupts may be caused by any of 
six conditions, most of which may be 
masked by resetting enable bits in the 
appropriate registers. The following 
sections describe each interrupt type, 
its cause, and how it may be reset. 
Upon receiving an interrupt, the CPU 
may read the Current SCSI Control 
Register (R4) and the DMA Status 
Register (R5) to determine the cause of 
the interrupt. While the following 
discussions indicate the expected 
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values of these registers following an 
interrupt, it is recommended that bits 
in these registers which are not 
germane to determining the cause of 
an interrupt be masked off in firm- 
ware prior to implementing a com- 
parison. A typical operational se- 
quence for an interrupt service routine 
is given at the end of this section. 


SCSI Bus Reset Interrupt 


A SCSI Bus Reset Interrupt occurs 
when the SCSI RST signal becomes 
active. This may be due to another 
SCSI device driving the RST line, or 
because the ASSERT RST bit (R1 bit 7) 
has been set, causing the L5380/ 
L53C80 to drive the SCSI RST line. 
The value of the SCSI RST line is 
visible as R4 bit 7; however, this line is 
not latched and therefore may have 
changed state by the time the CPU 
responds to the interrupt and polls 
this location. For this reason a SCSI 
Bus Reset Interrupt should be assum- 
ed if no other interrupt condition is 
active when reading Registers 4 and 5. 


The SCSI Bus Reset Interrupt is non- 
maskable. The expected read values 
for the Current SCSI Control Register 
and the DMA Status Register upon 
encountering this interrupt are given 
in Table 4. 


Selection/Reselection Interrupt 


A Selection/Reselection Interrupt 
occurs when the SCSI SEL signal be- 
comes active, the SCSI bus matches 
the bit set in the ID Select Register, 
and BSY has been false for at least a 
bus settle delay. When the I/O pin is 
as-serted, the interrupt should be 
interpreted as a reselection. The 
Selection /Reselection Interrupt may 
be masked by resetting all bits in the 
ID Select Register. The expected read 
values for the Current SCSI Control 
Register and the DMA Status Register 
upon encountering this interrupt are 
given in Table 4. 
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Loss of Busy Interrupt 


A Loss of Busy Interrupt occurs when 
the SCSI BSY signal has been inactive 
for at least a bus settle delay (400 ns). 
The Loss of Busy Interrupt may be 
masked by resetting the MONITOR 
BUSY bit (R2 bit 2). Resetting MONI- 
TOR BUSY also prevents the BUSY 
ERROR latch (Read R5 bit 2) from 
being set. The expected read values 
for the Current SCSI Control Register 
and the DMA Status Register upon 
encountering this interrupt are given 
in Table 4. 


Phase Mismatch Interrupt 


A Phase Mismatch Interrupt occurs 
when the DMAMODE bit (R2 bit 1) 

is set, REQ is active on the SCSI bus, 
and the SCSI phase signals MSG, 
C/D, and I/O do not match the corre- 
sponding bits in the Target Com- 
mand Register. This interrupt is 
intended for use by the initiator to 
detect a change of phase by the target 
during a DMA transfer. When 
operating as a target, the SCSI phase 
lines will normally be asserted via the 
Target Command Register, so no 
phase mismatch will be generated 
unless another SCSI device is errone- 
ously driving the phase lines to an 
unintended state. 


The result of the continuous compari- 
son of the SCSI phase lines to the Tar- 
get Command Register contents is 
visible as the PHASE MATCH bit 
(Read R5 bit 3). This flag operates 
irrespective of the state of 
DMAMODE and REQ. As long as a 
phase mismatch condition persists, 
the L5380/L53C80 is prevented from 
recognizing active REQ inputs, and 
SCSI output data drivers are disabled. 


The Phase Mismatch interrupt is 
nonmaskable, however it will only 
occur when operating in 
DMAMODE. The expected read 
values for the Current SCSI Control 
Register and the DMA Status Register 
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upon encountering this interrupt are 
given in Table 4. 
Parity Error Interrupt 


A Parity Error Interrupt occurs when 
incorrect parity is detected during a 


L5380/L53C80 


read of the SCSI bus. Parity checking 
occurs under the following conditions: 
Parity is checked during a pro- 
grammed I/O read of the Current 
SCSI Data Register (Read RO), when 
CS and IOR are active and the A20 


Read Address 4 — Current SCSI Control Register 


Gn re Pa 
st | asy | rea | wee | oo | io | set [PARITY 


SCSI Bus Interrupt 


Selection/Reselection Interrupt 


Loss of Busy Interrupt 


Phase Mismatch Interrupt 


Parity Error Interrupt 


ek, Ee ee ee 


End of DMA Interrupt 


a 


Read Address 5 — DMA Status Register 


ae Ree ee ee ea ee 


END 
OF 
DMA 
SCSI Bus Interrupt 


DMA | PARITY | INTER- | PHASE | BUSY 
REQ. | ERROR; RUPT | MATCH| ERROR | ATN 
REQ. 


po | o | o | 1 | it | o fof oO | 


Selection/Reselection Interrupt 


| o | 0 0 1 


Loss of Busy Interrupt 
Phase Mismatch Interrupt 


Parity Error Interrupt 


X 0 X 


Px | x fat at x | x | x] x | 


End of DMA Interrupt 
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DATA TRANSFERS 


The L5380/L53C80 supports pro- 
grammed I/O under CPU control or 
DMA transfer via a DMA controller 
when transferring information to and 
from the SCSI data bus. Programmed 
I/O can be implemented entirely in 
firmware or using minimum external 
logic for accessing the appropriate 
registers. Under DMA control, the 
L5380/L53C80’s DMA interface logic 
and internal state machines provide _ 
the necessary control of the REQ-ACK 
handshake. Each type of transfer is 
fully described in the following 
sections. 


lines are 000. Parity is also checked 
during DMA read operations 
(DMAMOLE bit, R2 bit 1 is set) when 
ACK is active for target receive, or 
REQ is active for initiator receive. 


The PARITY ERROR latch is set when 
parity error checking is enabled and 

one of the above parity error condi- 
tions is encountered. This latch is 
visible as bit 5 of the DMA Status 
Register (Read R5). The Parity Error 
Interrupt may be masked and setting 
of the PARITY ERROR latch pre- 
vented by resetting the ENABLE 
PARITY CHECK bit (Write R2 bit 5). 
The PARITY ERROR latch can be reset 
by reading the Reset Error/Interrupt 
Register (Read R7). The expected read 
values for the Current SCSI Control 
Register and the DMA Status Register 
upon encountering this interrupt are 
given in Table 4. 


Programmed 1/O 


Two forms of programmed I/O are 
supported by the L5380/L53C80. For 
normal programmed I/O, the SCSI 
handshake is accomplished by setting 
bits in the Initiator or Target Com- 
mand registers to assert SCSI control 
lines, and polling the Current SCSI 
Control and DMA Control registers 
for the appropriate responses. Since 
for this method the control is contain- 
ed in firmware, the cycle times are 
relatively slow. It is most appropriate 
for transferring small blocks of data 
such as SCSI command blocks or 
messages, where the overhead of 


Read Address 5 > TEMP : Read DMA Status Reg to variable TEMP 


IF TEMP "AND" HEX (10) = 0 : IRQ not active, so L5380/L53C80 


End of DMA interrupt THEN GO TO NEXT DEVICE was not the source of this interrupt 
An End of DMA Interrupt occurs Sa Riise : ; : 

when a valid EOP (End of Process) TEMP "AND" HEX (AC) + TEMP: Mask off irrevelant bits 

signal is detected during a DMA IF TEMP > HEX (7F) THEN : End of DMA Interrupt 


transfer. EOP is valid when EOP, 


DACK, and either IOR or IOW are si- GO TO EODMA 


multaneously asserted for the mini- 
mum specified time. EOP inputs not 
occurring during I/O read or write 
operations are ignored. 


The End of DMA latch is set whenever 
the DMAMODE bit (R2 bit 1) is set 
and a valid EOP is received. This 
latch is visible as bit 7 of the DMA 
Status Register (Read R5). The End of 
DMA Interrupt may be masked by 
resetting the ENABLE EODMA 
INTERRUPT bit (Write R2 bit 3). This 
bit does not affect the END OF DMA 
latch, however. The End of DMA 
latch can be reset by resetting the 
DMAMODE bit in the Mode Register. 
The expected read values for the 
Current SCS] Control Register and the 
DMaA Status Register upon encounter- 
ing this interrupt are given in Table 4. 
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IF TEMP > HEX (1F) THEN 
GO TO PARERR 


IF TEMP > HEX (03) THEN 
GO TO BYSERR 


IF TEMP # HEX (00) THEN 
GO TO PHASERR 


Read Address 4 — TEMP 


TEMP "AND" HEX (06) > TEMP 


IF TEMP = HEX (06) THEN 
GO TO RESEL 


IF TEMP = HEX (02) THEN 
GO TO SEL : 


IF TEMP = HEX (00) THEN 
GO TO RESET 


: Parity Error Interrupt 

: Loss of Busy Interrupt 

: Phase Mismatch Interrupt 

: Read Current SCSI Control Reg 
to variable TEMP 


: Mask off irrevelant bits 


: Reselection Interrupt 


: Selection Interrupt 


: SCSI Bus Reset Interrupt 
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setting up a DMA controller could 
be significant. 


Pseudo DMA 


An alternate method of programmed 
I/O allows the state machines of the 
L5380/L53C80 to handle the SCSI 
handshake, thereby improving per- 
formance in systems which do not 
employ a hardware DMA controller. 
To implement Pseudo DMA, the 
DMAMODE bit is set. The CPU polls 
the DRQ bit in the DMA Control 
Register to determine when a byte 
should be written to or read from the 
L5380/L53C80. When reading or 
writing, external logic must be used to 
decode the L5380/L53C80 location 
and produce DACK, since it is used 
by the internal state machines. Also, 
CS must be suppressed since it may 
not be asserted simultaneously with 
DACK. 


Normal DMA Mode 


Normal DMA mode is obtained when 
the DMAMODE bit is set but the 
BLOCKMODE bit is reset. The DMA 
process is started by writing to the 
Start DMA Send, Start DMA Initiator 
Receive, or Start DMA Target Receive 
locations as appropriate. Once 
started, the internal state machines of 
the L5380/L53C80 manage the REQ - 
ACK handshake protocol, as well as 
the DRQ-DACK handshake with the 
DMaA controller. 


The L5380/L53C80 will assert DRQ 
whenever it is ready to transfer a byte 
to or from the DMA controller. In re- 
sponse to DRQ, the controller asserts 
DACK and IOR to read the byte, or 
DACK and IOW to write a byte to the 
L5380/L53C80. For write operations, 
the byte is latched at the rising edge of 
the logical AND of DACK and IOW. 
The transfer can be terminated by 
asserting EOP during a read or write 
operation, or by resetting the 
DMAMODE bit. 
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Block DMA Mode 


When the BLOCKMODE bit is set, the 
DMA handshake is no longer depend- 
ent on interlocked DRQ-DACK cycles. 
Instead, the DMA controller may be 
allowed to free-run, with data flow 
throttled by inserting “wait-states” in 
the DMA transfer to or from the 
L5380/L53C80. Wait-states, which are 
idle clock cycles inserted during the 
I/O read or write operation, are in- 
serted by the DMA controller until the 
READY output of the L5380/L53C80 
goes true, allowing the bus cycle to 
conclude. 


The READY output will be deasserted 
under the following conditions: For 
send operations, READY will be false 
whenever the Output Data Register 
contains a byte which has not been 
transferred over the SCSI bus. This 
allows the DMA controller to access 
RAM to fetch the next byte, but 
postpones the end of the CPU bus 
cycle until the previous byte has been 
transferred, freeing the Output Data 
Register to receive it. 


For receive operations, READY will be 
false whenever the Input Data Regi- 
ster is empty. This allows the DMA 
controller to address the RAM for a 
write operation, but postpones the 
end of the CPU bus cycle until the 
incoming byte is stored in the Input 
Data Register and is available on the 
CPU bus. 


Note that when blockmode is em- 
ployed, DACK may optionally remain 
asserted throughout the DMA trans- 
fer, since it is not used in an inter- 
locked DMA handshake. (Its interlock 
function is replaced by IOR or IOW.) 
Also, DRQ will be asserted in the 
normal way when operating in 
blockmode. To gain the abovemen- 
tioned performance benefits, it should 
be used only to initiate the first byte 
transfer, with READY used to throttle 
succeeding transfers. This methodol- 
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ogy is compatible with DMA control- 
lers such as the Intel 8237 and AMD 
Am9516/9517. 


In summary, blockmode operation 
offers the potential for improved 
transfer rates by overlapping the 
DMA memory access with the SCSI 
transfer. This is of particular value 
when used with DMA controllers 
capable of “flyby” operation, where 
the data is transferred directly from 
memory to the peripheral, and does 
not pass through the DMA controller 
itself. This transfer rate gain is 
achieved at the expense of locking up 
the CPU bus for a time equal to the 
SCSI transit time of the entire block. 
This may be strongly preferable in 
some systems where net disk access 
time is a crucial performance factor. 
Also, the time required to arbitrate for 
the CPU bus on a byte-by-byte basis 
may well be longer than the cycles 
wasted waiting for SCSI transfers to 
take place, especially with fast periph- 
erals which operate from a high speed 
sector buffer. 





Terminating DMA Transfers 


DMaA transfers, either normal or 
blockmode, may be terminated in a 
number of ways. The following sec- 
tions describe these methods, along 
with providing information about 
correct sequencing of various signals 
to effect a clean exit from a DMA 
process. 


EOP Signal 


The EOP signal is usually generated 
by a DMA controller to indicate that 
its transfer counter has decremented 
to zero. In order to be recognized by 
the L5380/L53C80, it should be as- 
serted simultaneously with the DACK 
and IOR or IOW signals correspond- 
ing to the last byte in the transfer. 
Note that in the case of send opera- 
tions, asserting EOP indicates to the 
L5380/L53C80 that SCSI transfers 
should cease after transmission of the 
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byte loaded while EOP is asserted. In 
order to determine when this last byte 
has actually been sent, the LAST BYTE 
SENT flag in the Target Command 
Register may be examined. This flag 
is not present in the NCR implementa- 
tion of the 5380, but is available in the 
53C80, a non-pin-compatible variant. 
The EOP input does not reset the 
DMAMODE bit, but after transmis- 
sion of the last byte causes the internal 
state machine to return to an idle 
condition, so that no further SCSI 
handshaking will occur until another 
transmission is explicitly initiated. 
Note that the NCR version of the 5380, 
upon receiving an EOP, will stop 
asserting DRQ, but will continue to 
issue ACK in response to additional 
REQ inputs, potentially causing data 
loss if the target initiates another data 
transmission without an intervening 
phase change. The L5380/L53C80 
prevents this spurious DMA hand- 
shake from occurring. 


DMAMode Bit 


Resetting the DMAMODE bit in the 
Mode Register causes a hard reset of 
the internal DMA state machines, and 
thus an effective termination of a 
DMA transfer. Since unlike the EOP 
case the state machine is not allowed 
to exit gracefully, care must be taken 
in the timing of DMAMODE reset. 


For receive operations, the 
DMAMODE bit should be reset after 
the last DRQ is received, but prior to 
asserting DACK to prevent an addi- 
tional REQ or ACK from occurring. 
For normal DMA mode, resetting this 
bit will cause DRQ to go inactive. 
However the last byte received 
remains in the SCSI Input Data 
Register and may be read either by the 
normal DACK and TOR DMA read or 
using a CPU read of Address 6. For 
blockmode DMA, READY will remain 
asserted when DMAMODE is reset, 
allowing the DMA controller to 
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retrieve the last byte in the normal 
fashion. The NCR version of the 5380 
fails to keep ready asserted when 
DMAMODE is reset, potentially 
causing deadlock on the CPU bus. 


Bus Phase Mismatch 


When operating in DMUAMODE as an 
initiator, a bus phase mismatch can be 
used to terminate a data transfer. If 
the C/D, I/O, and MSG lines fail to 
match the corresponding bits in the 
Target Command Register, it will 
prevent recognition of REQ, and will 
disable the SCSI data and parity 
output drivers. Also, when REQ 
becomes active, an interrupt will be 
generated. Because REQ is not 
recognized, the effect is to stop the 
DMA transfer, although the state 
machine does not return to idle until 
either DMAMODE is reset or a valid 
EOP is received. 


One caution should be observed when 
using phase changes to end DMA 
transfers: While this method obviates 
the need for the initiator to keep a 
transfer counter, it depends on the 
target causing a phase change be- 
tween any two consecutive informa- 
tion transfer phases. Since this is not 
required by the protocol, it must be 
guaranteed by the target software. 
Otherwise the target may begin a new 
information transfer without the ini- 
tiator recognizing the boundary 
between the two. 


ARBITRATION 


The L5380/L53C80 contains on-chip 
hardware to assist in arbitrating for 
the SCSI bus. This arbitration logic 
cooperates with the host firmware to 
effect SCSI arbitration, as described in 
the following paragraphs: 


The SCSI arbitration timeline begins 
with detection of a bus free condition 
at time to. Bus free is defined as BSY 
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and SEL inactive for at least a bus 
settle delay (400 ns). Following the 
bus settle delay, the SCSI device must 
wait an additional bus free delay of 
800 ns, for a total of 1200 ns after to, 
prior to driving any signal. Thus a 
minimum of 1200 ns must elapse from 
initial deassertion of BSY to the begin- 
ning of an arbitration attempt. A final 
constraint is that arbitration may not 
begin if more than a bus set delay 
(1800 ns) has elapsed since BSY 
became active (arbitration began), 
corresponding to 2200 ns after to. 


The CPU indicates a desire to arbitrate 
by setting the ARBITRATE bit (R2 

bit 0.) When ARBITRATE is set, the 
L5380/L53C80 will monitor the state 
of BSY and SEL to detect a bus free 
condition. The actual implementation 
uses an internal delay line to provide 
a time reference for detection of a bus 
free condition. This delay is nomi- 
nally 800 ns during which BSY and 
SEL must be inactive. This time 
represents the center of the window 
between the Bus Settle Delay (400 ns) 
and the Bus Free Delay (400 + 800 = 
1200 ns). When Bus Free is detected, 
the L5380/L53C80 waits for an 
additional time of nominally 900 ns 
(1700 ns nominal since t0) and asserts 
BSY and the contents of the Output 
Data Register. This time represents 
the center of the 1200 ns—2200 ns 
window between the earliest and 
latest legal arbitration attempt. Since 
the actual delays are process and tem- 
perature dependent, they will vary in 
practice, but will always remain well 
within the specified limits. 

Once arbitration has begun (BSY and 
the Output Data Register asserted,) 
the ARBITRATION IN PROGRESS bit 
(R1 bit 6) will be set, allowing the CPU 
to detect the fact that arbitration has 
begun. The CPU should then wait 
one arbitration delay (2.2 ts) before 
reading the bus to determine whether 
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arbitration has been won or lost. The 
LOST ARBITRATION bit (R2 bit 7) 
will be active if the L5380/L53C80 has 
detected SEL active on the SCSI bus, 
indicating that another SCSI device 
has declared itself the winner of the 
arbitration. SEL active also disables 
the SCSI output drivers, allowing the 
winning arbitrator to proceed with its 
transfer. 


BUG FIXES/ENHANCMENTS 


The NCR5380 and the Am5380 have 
some architectural bugs, both pub- 
lished and unpublished. The Logic 
Devices L5380/L53C80 was designed 
to eliminate these bugs while main- 
taining pin and architectural compati- 
bility. A list of these errors along with 
solutions implemented in the L5380/ 
L53C80 is itemized below. 


1. When executing blockmode DMA 
send operations, the READY signal is 
intended to insert memory wait states 
as a mechanism to throttle data 
transfer, with the DMA controller in a 
free-running loop. The NCR/Am5380 
erroneously allows the contents of the 
Output Data Register to be overwrit- 
ten by subsequent bytes prior to 
acknowledgment of the current byte 
by the SCSI receiver. This causes loss 
of data when operating in blockmode 
if the sender's DMA cycle is faster 
than the receiver's. 


2. Assertion of EOP during 
blockmode DMA transfers fails to 
cause assertion of READY in the 
NCR/Am5380. This may prevent the 
CPU from becoming bus master and 
can result in lockup of the CPU bus in 
a not-ready state. In block DMA send 
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mode when EOP is received, the 
L5380/L53C80 reasserts READY 
immediately after transmitting the 
final byte. For receive mode, READY 
is asserted immediately. 


3. When a valid EOP is detected, the 
NCR/Am5380 prevents assertion of 
additional DRQ's, but continues to 
respond to SCSI handshakes. This 
means that additional data transmit- 
ted without phase change may be lost. 
The L5380/L53C80, like the NCR/ 
Am5380 remains in DMAMODE after 
an EOP. However, the internal state 
machine returns to an idle condition 
and does not respond to additional 
SCSI handshake attenpts until another 
data transfer is explicitly initiated. 


4, When operating as an initiator in 
DMAMODE, the NCR/Am5380 
leaves ACK asserted after receipt of a 
valid EOP, requiring the CPU to 
deassert it. When a valid EOP is 
detected, the L5380/L53C80 deasserts 
ACK properly. 


5. If the NCR/Am5380 is not termi- 
nated on the SCSI side, the floating 
RST pin will cause spurious inter- 
rupts. The L5380/L53C80 contains 
internal high value pullups to set 
unterminated SCSI pins to the inactive 
state. 


6. During DMA send operations, 
when a valid EOP signal is received 
by the NCR/Am5380, no convenient 
indication exists to indicate that the 
last byte of data (loaded simultane- 
ously with EOP) has in fact been 
successfully transmitted. The L5380/ 
L53C80 provides LAST BYTE status 
bit mapped to bit 7 of the Target 
Command Register. This bit will be 


6-17 


L5380/L53C80 


set after a valid EOP has occurred, 
and the final byte has been transmit- 
ted successfully. 


7. During the reselection phase, the 
NCR/AM5380 may reset the reselec- 
tion interrupt if the contents of the 
Target Command Register do not 
match the current SCSI bus phase. 
The L5380/L53C80 does not spuri- 
ously reset this interrupt. 


8. In the NCR/Am5380, the phase 
mismatch interrupt is captured in an 
edge triggered fashion on the active 
edge of REQ. During reselection, this 
interrupt might not be generated even 
though a phase change has occurred. 
The reason for this is as follows: 


e The initiator DMAMODE bit must 
be set in order to receive a phase- 
match interrupt. 


© However, the DMAMODE bit 
cannot be set unless BSY is active. 


e BSY will be driven active by the 
target only after the relesection 
has occurred. 


* Once BSY has been asserted by 
the target, it may then assert REQ 
before the initiator has set the 
DMAMODE bit, and the initiator 
will then fail to generate an 
interrupt. 


The L5380/L53C80 interrupt latch will 
be set if a phase mismatch condition 
exists when the later of REO or 
DMAMODE become active. In this 
way, the mismatch will always be 
detected, even if the target asserts 
request before the initiator sets 
DMAMODE. 
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L5380/ 
L53C80 
scsi 


CONTROLLER 


D7-0 Azo. CS 


ADDRESS BUS Ats-o 


Symbol Parameter 


T1 BSY False Duration to Detect Bus Free Condition 
SCSI Bus Clear (High Z) from BSY False 


T3 | Arbitrate (BSY and SCSI ID Asserted) 
from BSY False (Bus Free Detected) 


T4 SCSI Bus Clear (High Z) from SEL True (Lost Arbitration) 


_— 


DRIVE SCSI ID 
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2 Mbytes/sec 4 /Mbytes/sec 


2 Mbytes/sec 






Symbol Parameter 


Address Setup to Write Enable | 10 | 
Address Hold from End of Write Enable | oo | 
Width of Write Enable | 40 | 





| 74 | Data Setup to End of Write Enable 


| Mex | Min | Max | 
ae ae a 
en ee ee 
(aaa ae ee 
ee as 
ae ea ee 





| Commercial =| Military 
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec 


Parameter 


Address Setup to Read Enable 


[Min [Max [Min [Mex [win [Max | 
Le aa ea ee 
Fate Ae Aes c  RC  ae  G (  E| 
| Data Access Time fromReadEnable | | bo | fT | 8 


T3 
JLLLLLLLLLLLLLLLLL ER ~~  XLLLLLLL LLL LL 
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Commercial | Military 
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec 


The following apply for all DMA Modes 


DRQ False from Write Enable 
(concurrence of OW and DACK) 


Symbol Parameter 


T1 


Width of Write Enable 
(concurrence of IOW and DACK) 





nm 





Data Setup to End of Write Enable 


é 
(4 
The following apply for Normal DMA Mode only 
7 
70 
The following apply for BLOCKMODE DMA only 
PTS [loWRecoveyTime ST TCT 
Te [TOWFalse to ACK Tue (REGTue) «| —Ss«d| AO 
PTO | REGTuetoACK True (OWFalse) [S| OC 
eee 
ee! 


4 
T5 


o 


—+ 


=| 0 
rs) 


=e] 


oO 


70 





(Tit [REG False @READVTue ——SSSSdCSSC*dt (Ci 
[Tie [TOWFalsetoReadyFaso S| SC«diCSO_ 





| 
FE 
{ 
s 
r 


T4 TS 
D?-D0 AY LLL LLYLLLL LD LLLLLLLLLLLLLL 
| 
BYTE N (BLOCKMODE) MLLILLLL/ L777 7777 


Té6 


] 
1 
17 
113 T14 
BYTE N-1 BYTE N 


a 
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Commercial | Military 
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec 
Min Max Min 





Symbol Parameter 
The following apply for all DMA Modes 


DRQ False from Concurrence of IOR and DACK 


Data Access Time from Concurrence of 
1OR and DACK 


Concurrent Width of EOP, IOR, and DACK 


713 
The following apply for Normal DMA Mode only 


DACK False to ACK False (REQ False) 
REQ False to ACK False (DACK False) 


IOR Recovery Time 


TOR False to ACK False (REQ False) 
REQ False to ACK False (IOR False) 
EQ True to READY True 














70 





R 
T10 | READY True to CPU Data Valid 
T11 | IOR False to Ready False 





j"— T42 T13 


LLLLLLLLLLLLLLLLLLLLLALA LLAMA LLL ALLL 
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Commercial | Military | 
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec 


The following apply for all DMA Modes 
T1 DRQ False from Write Enable 
(concurrence of IOW and DACK) 
T2 Width of Write Enable 
(concurrence of IOW and DACK) 
Data Setup to End of Write Enable 
Data Hold from End of Write Enable 


6 Concurrent Width of EOP, IOW, and DACK 
T9 ACK True to REQ False 


End of Write Enable to Valid SCSI Data 
T14 | SCSI Data Setup Time to REQ True 


The following apply for Normal DMA Mode only 


Symbol Parameter 


HD} oO 
oO};oO 


T7 
8 


True to DRQ True 
False to REQ True (ACK False) 


| 
oO 
A 


O 


AG 


CK False to REQ True (DACK False) 


The following apply for BL 


A 


ook 
SI] @ 
o1°o 


[oe] 
on 


8 


KMODE DMA only 
Recovery Time 

False to REQ True (ACK False) 
False to REQ True (IOW False) 
K True to READY True 

False to Ready False 


pees 
| Tio | ACKF 


eI Ke) 
Pee 


° 
> 
Q 
x 


2 
g| 


aA 
x) 
ro) 
= 
~ 
rs) 


» 
T4 TS 
D700 AL LLLLLNLLLLL LLLLLLLLLALLLL 
' 
D7-Do |___ BYTE N (BLOCKMODE) MLLLLLZLL 22 ZZ 2 


Té 
EOP ' 
17 ——-! 


BYTE N-1 
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Commercial Military 
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec 
Parameter pmin | Mex | Min [ Mex Pex 


The following apply for all DMA Modes 


DRQ False from Concurrence of IOR and DACK | | 80 


T3 ata Access Time from Concurrence of 
= ae 
7 | | 8 | 
a as 
ee | 














Symbol 











O 


| 





fe) 


R and DACK 

oncurrent Width of EOP, IOR, and DACK 
K True to REQ False 

CSI Data Setup Time to ACK True 

CSI Data Hold Time from ACK True 


The following apply for Normal DMA Mode only 
DACK False to REQ True (ACK False) [| | 48 
ACK False to REQ True (DACK False) FT 4 


The following apply for BLOCKMODE DMA only 


Cc 
RE i 


TS 
O 


7 


oO 


o 


=—i N 
np 


a2, 
wo 






ACK True to DRQ True 


: 
i 
Pee 













6 
9 
9 





0 
A 80 





15 


zo | | 3 | 





7 





JLLLL LLL LL LLL) Kaew eroomNODE > 
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—— T12 T13 
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Storage temperature —65°C to +150°C 
Vcc supply voltage with respect to ground -0.5 V to +7.0V 
MUTED WOT ves szasscseeciep ces eg Gov dct wicca sea cach aed cass pa pnetev cnsene dicen stiaseavotmanexeovaa eteams etartesr eae aaa maansaaNe 0.0 to Vcc 
PENELE NER G sa st echoes se cen cps uous ceca Taacbiscios wc Secu Technica cnn tatetciocueutovoacbtenanasttnevanemcsncnsoubaaretaciesewects 0.0 to 5.5 V 
lo. Low Level Output Current (SCSI Bus) 
lot Low Level Output Current (other pins) 


10H High Level Output Current (other pins) 


Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.75 Vs Voc <5.25V 
Active Operation, Military —55°C to +125°C 4.50 V< Vcc < 5.50 V 


















Symbol Parameter Test Condition 


Low Level Input Voltage 
High Level Input Voltage 


VIL 
VOL Low Level Output Voltage 
(SCSI bus) Vcc = Min, lot = 48 mA 
VOL 
VOH 
c 
cc 


High Level Output Voltage 
(other pins) Vcc = Min, loH = —4 mA 


Voc = Max, VIN = 0 — Vcc (SCSI bus) 


| N Input Current* Vcc = Max, VIN = 0 — Vcc (other pins) 


Ic Supply Current Vcc = Max, VIH = 2.4, 
ViL = 0.4, 4 MHz cycle, 
No Load, No Termination 


! Supply Current 
Quiescent As above, inputs stable 


* Not tested at low temperature extreme. 


Low Level Output Voltage 
(other pins) Vcc = Min, lol = 8 mA 


Bisl< |< |< [</<]8 | 
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L53C80JC4 L53C80KC4 
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L53C80KME2 
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3.0 Reliability Monitor Program 
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Overview — Commitment to Quality 


Management Commitment 
Statement 


A successful quality program requires 
that every employee act as a member 
of the quality organization. This 
applies particularly to the manage- 
ment team who establish acceptable 
behavior by their actions. Bill Volz, 
President/CEO of Logic Devices 
Incorporated encourages active 
participation of all departments in a 
quality oriented operation. 


At Logic Devices, the quality depart- 
ment strives to maintain a proactive 
relationship with Manufacturing, 
Design, Marketing, and Sales em- 
phasizing training and procedural 
controls. Training and good commu- 
nication allow employees to under- 
stand which practices lead to good 
quality and reliability and make them 
willing participants in the quality 
program. This attitude has allowed 
Logic Devices to continually improve 
the quality of its product line. 


Organization 
The Quality /Reliability Department 


reports directly to the President/CEO. 


The quality operation is divided into 
two functions: 


1. Quality Administration 
2. Reliability Engineering 


Quality Administration performs all 
inspections/Q.A. monitors in 
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assembly /test.operations including 
incoming inspection of all direct 
materials. Q.A. Administration also 
includes the document control 
function. 


The Reliability Engineering function 
is responsible for assuring that all 
products manufactured by Logic 
Devices meet our rigid standards for 
reliability. Activities that support this 
function include qualifications of new 
products, reliability monitor testing, 
failure analysis, and corrective action. 


Documentation 


All manufacturing and Q.A. proce- 
dures are controlled in the document 
control area and are available in 
controlled binders located in the 
appropriate manufacturing areas. In 
addition, the program plans for the 
quality and reliability functions are 
described in individual manuals: 


Quality Manual. The quality function 
is described in the quality program 
plan as outlined in the Quality Man- 
ual. The program plan has been 
designed to the requirements of 
Appendix A of Mil-M-38510. 


Reliability Manual. The reliability of 
Logic Devices’ products is among the 
best in the industry and will continue 
to be. The Reliability Manual has been 
created to insure that we maintain 
high visibility of reliability data. This 
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manual also describes the reliability 
function and goals at Logic Devices. 


Mil-Std-883C. All products to be sold 
as 883C compliant are manufactured 
to this specification. As new revisions 
are released, they are evaluated and 
changes implemented as required. 


Mil-M-38510. This document is 
referenced continuously by Mil-Std- 
883C and specifically defines program 
requirements for compliance to 883C 
programs. 


Available Processing Flows 


Logic Devices offers many processing 
flows to provide the best combination 
of reliability assurance and cost. 
Available flows are: 


1. Commercial Plastic Flow. 


2. Commercial Plastic Flow with 
48 hr burn-in. 


3. Commercial Hermetic oe — 
0° to +70°C. 


4. Commercial Hermetic Flow — 
—55°C to +125°C. 


5. Hi Rel Hermetic Flow — 0°C to 
+70°C with 48 hr burn-in. 


6. Hi Rel Extended Flow — 
Per Logic Devices Flow. 


7. Hi Rel 883C Flow — Per Mil-Std- 
883C, Methods 5004 and 5005. 
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Logic Devices on occasion provides samples of its products to customers for the purpose of 
assessing their suitability for the end application. Samples fall into two categories, depending on 
the maturity of the device in question. For devices already in production, the devices provided as 
samples will be pulled from inventory, and will have undergone the assembly flows and 
qualifications detailed elsewhere in this section. 


In the case of new products however, it is often desirable to provide samples to a customer before 
acomplete assessment of the performance and reliability of the new product has been made. Logic 
Devices’ procedure is to label such devices with the words “ENGINEERING SAMPLE” or a 
contraction thereof. It is important for the customer who accepts engineering samples for 
evaluation to understand the limitations of the screening which these devices undergo. 


In general, devices marked with “Engineering Sample” will not have undergone a reliability 
assessment. In addition, the characterization of the device, and therefore the electrical specifica- 
tions to which it will ultimately be guaranteed, may still be evolving. The testing of engineering 
samples is at the sole discretion of Logic Devices product engineering, but generally will include 
elevated temperature AC testing witha limited class of patterns. A data sheet prominently marked 
“PRELIMINARY” will be provided with the samples as a means for the customer to understand 
the electrical limits to which the samples have been tested. However, the data sheet and test 
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Introduction 


Logic Devices Incorporated is committed to a reliability program plan that insures the highest 
reliability possible on it’s CMOS technology. At Logic we realize that reliability is the product of 
designs carefully matched to well characterized and controlled processes with all manufacturing 
materials tightly controlled. Logic is committed to long term relationships with our customers and 
believe that reliability is one of their highest priorities. 


This manual contains the reliability program plan for Logic Devices and data that is gathered 
through new product qualifications and ongoing reliability monitors. Device qualifications reference 
MIL-STD-883C, Method 5005, and JEDEC-STD-22B. These standards establish the criteria for qualifying 
product in military and commercial applications. This publication is updated quarterly. 


Reliability Methods 


Definition of Reliability 

Reliability of an integrated circuit is 
the probability that it will perform it’s 
defined functions in the operating 
environment for a reasonable period 
of time. This definition becomes more 
useful when broken into its compo- 
nent parts: 

Defined Functions 

Typically established by the 
manufacturer’s data sheet or customer 
specification. 

Operating Environment 

Consisting of temperature, humidity, 
voltage, pressure, etc. 

Reasonable Period of Time 

Devices are expected to provide long 
term operation without failure. 
Evaluation of time to failure is an 
indication of reliability. 

Probability 

Statistical evaluation of time to failure 
data allow prediction of a device’s 
long term reliability to a certain 
confidence level. 


Reliability Indicators 


Semiconductor reliability is typically 
expressed in terms of failure rate. 
Common methods of expressing 
failure rates in this industry are: 


1. Mean Time to Failure (MTTF). 

2. Mean Time Between Failures 
(MTBF). 

3. Percent failures/1000 hours. 

4, FIT rate - Failures in 10° hours. 
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Failure rate is the ratio of device 
failures to the total number of device 
hours. The reciprocal of failure rate is 
MTBF. The probability that a device 
will operate beyond the MTBF is 
expressed as: 


R=e'/Mor1/et/M ; 


where 
R = reliability, 
t = operating time, 
M= MTBF. 


Acceleration Factors 


Under normal operating conditions an 
integrated circuit may operate well 
beyond our lifetime without failure, 
making data collection impractical. 
Placing devices in environments of 
increased temperature along with 
other stress conditions is known to 
accelerate failure mechanisms allow- 
ing for collection of data that will 
approximate the longer term failure 
time. Extended temperature exposure 
accelerates the physiochemical 
reactions associated with device 
failure. A mathematical expression 
known as the Arrhenius Equation 
makes it possible to calculate a 
reaction rate and therefore an accel- 
eration factor. 


R(reaction rate) = Rp exp (Ea/KT), (2) 


where 


(1) 


Rp = aconstant, 

Ea = the activation energy, 

K_ = Boltzmans Constant, 

T = temperature in degrees 
Kelvin (°C + 273°C). 
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Assuming a linear reaction in time, 
the product of reaction rate and fail 
time at one temperature will equal the 
product of reaction rate and fail time 
at a second temperature: 


R,t, for T, = Rot, for T, (3) 


This allows the calculation of an 
acceleration factor: 


AF = t/t, = e2/K0/2-1/) (4) 


By knowing the time to failure for the 
accelerated temperature it is now 
possible to calculate the time to failure 
under normal operating conditions. 


FIT Calculation 


Once the Acceleration Factor is known 
it is relatively simple to calculate the 
FIT rate (failures in ten-to-the-ninth 
hours). 


The total device hours at normal 
conditions equal total accelerated 
hours times the acceleration factor. 
The failure rate is then calculated 
from the Chi Squared distribution 
where the degrees of freedom is 
2(c+1) and c equals total failures. 
Dividing the Chi Squared value by 
the total device hours at normal 
conditions gives the FIT rate ata 
given confidence level. 


Failure Mechanisms 

Semiconductor Failure Patterns: 
Characterization of semiconductors 
show that failure rates change during 
a device's lifetime. During early life, 
failure rates are higher and failures 
are classified as infant mortalities. 
After approximately 100 hours of 
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operation the failure rate remains 


fairly constant until the device enters | 


the wearout phase of its operating life. 
Wearout is rarely observed. Infant 
mortality is attributed to manufactur- 
ing defects. Random defects account 
for failures during normal life. 


Common Failure Mechanisms: 


Table 1-1 shows typical fail modes for 
CMOS semiconductors and associated 
activation energies. Also listed are 
typical methods of detection and 
prevention. 


Logic Devices Reliability 


Program 

Objective 

The objective of Logic Device’s 
Reliability program is to insure the 
highest possible reliability of all our 
products. This is accomplished 
through strict control of all direct 
materials used in manufacturing and 
comprehensive characterization and 
qualification of all Logic Devices 
products. All changes to designs, 
processes or materials are evaluated 
and approved prior to release to the 
manufacturing area and hence to the 
customer. Establishing requirements 
and performing qualification testing 
are the responsibility of the reliability 
department. Existing products are 
monitored by the reliability depart- 
ment to insure detection of any 
reliability problem at the earliest point 
possible. 


Reliability Program Components 
Qualification Policy: 

All new products, packages, and 
processes receive an initial qualifica- 
tion according to internal specification 
QAP-1035, All changes in design, 
mask layers, process, and package are 
evaluated for qualification require- 
ments and requalified according to the 
requirements found in MIL-M-38510 
paragraph 3.4.2. Changes classified as 
major are requalified according this 
document and notification is sent to 
existing customers prior to final 
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Table 1-1. Common failure modes and association energies along with 
detection tests and preventative actions. 


Activation 
Energy 


0.3 eV 
1.0 eV 


Fail Mode 
Oxide defects 


Contamination 


Detection 
High voltage operation 


High temperature bias 


Prevention 
Ultra clean process 


Ultra clean process 


Silicon defects 0.5 eV 


Metal 


electromigration 0.5 eV 


Mask/Assembly 


defects 


Microcracks 


Soft error 


source 


production approval. 

Reliability Monitor Program: 

Production products are monitored on 
a regular basis as specified in Section 3. 
Failure Analysis/Corrective Action: 

Any failure in qualification or monitor 
testing receives a failure analysis by 
the reliability department. Evaluation 
of the fail mode will determine the 
appropriate corrective action. 

Records of all failure analyses and 
corrective actions will be kept on 
record for a minimum of 5 years. 

Data Preparation/Reporting: 
Preliminary qualification data, 
customer qualification data (883C), 
and monitor data is prepared by the 
reliability department. This data is 
continuously being generated and is 
added to the reliability manual ona 
quarterly basis. 


Qualification Program 


Criteria for performing a qualification 
is divided into three major areas: 


1. Process Qualifications, 
2. Product Qualifications, 
3. Package/Assembly Qualifications. 


High voltage stress 


High temperature 
operating life 


High temperature life 


Temperature cycling 


Low voltage operation 
and accelerated alpha 





Quality Control/ 
Clean process 


Optimum design rules 
and process control 


Quality Control/ 
Inspection 


Process control 


Process control, 
Optimum design, and 
Material quality 


Qualification Procedure: 


New products requiring qualification 
will typically follow the flow shown 
in Fig. 2-1. The Quality Assurance 
department is responsible for per- 
forming all qualifications. 

Preliminary Qualification — An internal 
procedure designed to give timely 
reliability information on new prod- 
ucts or processes. Preliminary qualifi- 
cation consists of Operating Life, 
Temperature Humidity Bias, Tem- 
perature Cycling, ESD, and Latchup 
testing. This testing is intended to 
provide early data on reliability for 
new products. 


Military Qualification — All products 
intended to be marked as 883C 
compliant will be qualified according 
to the Military Qualification Flow. 
This flow is derived from Mil-Std- 
883C, method 5005. 


Commercial Qualification - Commercial 
qualifications are done on products 
offered in non-hermetic packages. 
The qualification is based on JEDEC 
STD-22B. Differences between this 
qualification and the military qualifi- 
cation are primarily associated with 
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Figure 2-1. New product qualification flow. 


Initial Qualification 


Commercial Qualification 


Military Qualification 





environmental package tests designed 
for plastic packages. 

Qualification Data - Qualification data 
is prepared by the Quality/Reliability 
Department and is added to this 
report on a quarterly basis. 
Qualification Requirements: 

Table 2-1 indicates minimum qualifi- 
cation requirements of all Logic 
products. The extent of the qualifica- 
tion is based on the category of 
change ranging from a new product 
or process, to minor changes to 
existing products, processes, or 
packages. 


Package/Assembly Qualification: 

The following criteria will invoke a 
package/assembly qualification. 

1. New package 

2. Package material of process change 
3. New assembly plant 


Qualification Test Flows 
Military Qualification Flow: 


Products offered as compliant to MIL- 
STD-883C are qualified per Method 
5005 as a minimum requirement. At 
the discretion of the reliability depart- 
ment, more stringent testing may be 
completed for evaluation purposes. 
Commercial/Industrial Qualification 
Flow: 

Qualifications for commercial / 
Industrial products are done on 
devices in non-hermetic packages. 
This data is supplemented by the data 
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generated from military qualifications. 
Test methods used for testing non- 
hermetic packages are found in 
JEDEC-STD-22B. Differences in 
military and commercial /industrial 
qualifications are related to package 
related tests although some conditions 
on other tests may vary slightly. Refer 
to JEDEC-STD-22B and test methods 
in MIL-STD-883C. 

Military Test Groups, MIL-STD- 
883C 

Group A: 


The purpose of Group A testing is 
verification that all electrical param- 


eters meet the specification limits over 
the specified temperature range. 
Typically the sample size is 116, 
accepting on no failures. This test is 
performed on each military lot. 

Group B: 

As shown in the Military Test Flows, 
tests done in this subgroup are 
designed to insure the integrity of the 
assembly process. This group is also 
required for each military lot. 

Group C: 

Better known as life test, devices are 
subjected to a minimum 125°C 
temperature for 1000 hours. Acceler- 
ated life testing may be performed at 
the manufacturers discretion as long 
as the chip temperature does not 
exceed it’s absolute maximum rating. 
The minimum requirement for 
performing this test on a device family 
is within 4 quarters of the device date 
code. 

Group D: 

As shown in the Military Test Flows, 
these tests are designed to accelerate 
stresses on the device package. 
Devices are subjected to variations of 
temperature, humidity, mechanical 
pressure and corrosive environments. 


Table 2-1. Minimum qualification requirements for all Logic Device’ 


products. 


Process 

1. New Fab Process 

2. New Fab Location 

3. Process Modification 

4. New Fab Equipment 
Product 

1. New product in qualified Fab. 
2. Mask (Layer) Change 

3. Design Change 


Package/Assembly 


1. New Package — Non-hermetic 


2. New Package — Hermetic 


Qualification Requirement 
Full Military/Commercial Qual 
Full Military/Commercial Qual 
Per 38510 para. 3.4.2 

Per Logic Q.A. determination 


Full Military/Commercial Qual 
Group A, C, Temp. Cycling 
Full Military/Commercial Qual 


Temp. Cycle, Thermal Shock, THB, 
Autoclave, Phys. Dim., Lead Integ., X-ray 


Temp. Cycle, Thermal Shock, Phys. Dim., 
Lead Integ., Lid Torque, X-ray 
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The minimum requirement for Group 
D qualification is within 52 weeks of 
the device date code. 


Environmental Test Descriptions 


Temperature Cycling. Devices are 
subjected to alternating ambient 

temperatures of -65°C to +150°C. 
Cycle time is 30 minutes. 


Thermal Shock. Devices are subjected 
to rapid temperatures controlled by 
liquid environments for a specified 
number of cycles. 


Biased Humidity Life. This test is 
performed on non-hermetic packages 
only. Devices are subjected to 85% 
humidity and 85°C temperatures for 
1000 hours minimum while under 
bias. 


in 
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Autoclave (Pressure Cooker). As the 
name indicates, devices are subjected 
to pressure and elevated temperature 
in 100% humidity with no bias. This 
test is designed for non-hermetic 
packages only. 

Salt Atmosphere. Devices are placed in 
a corrosive environment for a mini- 
mum of 24 hours and evaluated for 
corrosion. 

Resistance to Solvents. Device marking 
are exposed to solvents and must 
remain legible. 

Mechanical Shock. Devices are sub- 
jected to 5 shock pulses of 1500 G’s for 
0.5 pS each pulse and then evaluated 
for visual and electrical damage. 


Moisture Resistance. Devices are 
subjected to temperature cycling in 
90-100% humidity to simulate a 
corrosive environment. 


Table 3-1. Monitor Test conditions. 


Test Name 


Early Failure Rate 


Latent Failure Rate 
Pressure Cooker 
Biased Humidity Life 
Temperature Cycle 





*JEDEC STD-22B Test Methods. Done on plastic packages only. 


Note 1: Plastic packages tested to A104, condition B. Hermetic packages tested to 
Method 1010, condition C of MIL-STD-883C. 
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Conditions 
80 hours, 125°C 77 
2000 hours, 125°C 77 
96 hours, A102* 
1000 hours, A101* 77 
15 Cycles, Note 1 77 


Reliability Monitor Program 
Objective 


Logic Devices reliability monitor 
program is designed to minimize 
any potential impact of a reliability 
problem on our customers by con- 
tinuous evaluation of key products 
within each generic process family 
and package technology. This 
program is also intended to gather 
ongoing data for evaluation of 
reliability improvements. Addi- 
tional tests may be added for evalua- 
tion purposes at the discretion of the 
reliability department. Rejected 
devices receive failure analysis 
leading to appropriate corrective 
action. Each process/package family 
is tested a minimum frequency of 6 
months and each process family 
quarterly. 


Monitor tests 


See Table 3-2 for monitor test 
conditions. 


Sample Size 


100 
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Assembly Flows 





MANUFACTURING 


QUALITY ASSURANCE LOT INSPECTION 





QUALITY ASSURANCE PERIODIC PROCESS MONITOR 





The following diagrams represent nominal process flows as of the date of issue. Specific 
details are available in Logic Devices Manufacturing Instructions. 
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Assembly Flows — Commercial Plastic 


PLASTIC PLASTIC 
0°C to 70°C 0°C to 70°C 
Commercial Screening 48 Hour Burn-in 
(No Suffix) ("R" Suffix) 


SAW 


BREAK 


2ND OPTICAL 


QA 2ND OPTICAL 


DIE ATTACH — EPOXY 


CURE 


WIRE BOND 


3RD OPTICAL 


QA 3RD OPTICAL 


MOLD 


POST MOLD CURE 


DEFLASH — TRIM/FORM 


SOLDER DIP 


SINGULATION 


CONTINUED CONTINUED 
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Assembly Flows — Commercial! Plastic 


(Continued (Continued 
from from 
previous page) 


previous page) 
MARK 
LOAD 
FINAL VISUAL/PACK 
SHIP TO LOGIC 
LOGIC IQA — QAP 1039 


TEST 70°C — IOP 1015 





BURN-IN 48 HOURS — IOP 1013 


TEST 70°C — IOP 1015 
QA PDA — 7% MAX 
QA TEST 70°C — QAP 1037 
EXTERNAL VISUAL — IOP 1005 
PACK — IOP 1021 
QA FINAL VISUAL — QAP 1029 


RELEASE TO INVENTORY 
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Assembly Flows — Commercial Hermetic 


HERMETIC HERMETIC 
0°C to 70°C -55°C to +125°C 
Commercial Screening Commercial Screening 
(No Suffix) (No Suffix) 


INCOMING INSPECTION 


ALL MATERIALS AND PIECE PARTS ONLY 
FROM APPROVED/AUDITED VENDORS 
PER APPLICABLE LOGIC, JEDEC, AND 
MILITARY SPECIFICATIONS 


SAW — IOP 1001 
BREAK — IOP 1002 
2ND OPTICAL — IOP 1019 


QA 2ND OPTICAL — QAP 1021 


DIE ATTACH EPOXY — IOP 1022 


QA PROCESS MONITOR 
INSPECT FOR DIE POSITION QUALITY 
AND UNIFORMITY OF ATTACH AND ATTACHMENT 
STRENGTH, PER MIL-STD-883, METHOD 2010 
AND 2019 CRITERIA 


BOND — IOP 1010 


QA PROCESS MONITOR 
MONITOR BOND STRENGTH FAILURE MODE 
PER MIL-STD-883, METHOD 2011 


3RD OPTICAL — QAP 1020 


CONTINUED 


CONTINUED 
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Assembly Flows — Commercial Hermetic 





(Continued (Continued 
from from 
previous page) previous page) 


QA 3RD OPTICAL — QAP 1022 
SEAL — IOP 1004 
SOLDER DIP — CERDIP ONLY 


MARK — IOP 1011 


TRIM — IOP 1008 (IF APPLICABLE) 


TEST +70°C — IOP 1015 
TEST +125°C — IOP 1015 
QA TEST +125°C 


MIL-STD-883, METHOD 5005 
QA TEST -55°C 


MIL-STD-883, METHOD 5005 
QA TEST +70°C — QAP 1037 
EXTERNAL VISUAL — IOP 1005 
PACK — IOP 1021 
QA FINAL VISUAL — QAP 1029 


RELEASE TO INVENTORY 
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Assembly Flows — High Reliability 


HERMETIC 
0°C to 70°C 
48Hour Burn-in 
("R" Suffix) 


CONTINUED 
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INCOMING INSPECTION 

ALL MATERIALS AND PIECE PARTS ONLY 
FROM APPROVED/AUDITED VENDORS 
PER APPLICABLE LOGIC, JEDEC, AND 
MILITARY SPECIFICATIONS 


SAW — IOP 1001 


BREAK — IOP 1002 


2ND OPTICAL — IOP 1019 


QA 2ND OPTICAL — QAP 1021 


DIE ATTACH EPOXY — IOP 1022 


QA PROCESS MONITOR 

INSPECT FOR DIE POSITION QUALITY 

AND UNIFORMITY OF ATTACH AND ATTACHMENT 
STRENGTH, PER MIL-STD-883, METHOD 2010 
AND 2019 CRITERIA 


BOND — IOP 1010 


QA PROCESS MONITOR 
MONITOR BOARD STRENGTH FAILURE MODE, 
PER MIL-STD-883, METHOD 2011 


3RD OPTICAL — QAP 1020 
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Assembly Flows — High Reliability 





(Continued 
from 
previous page) 


QA 3RD OPTICAL — QAP 1022 


SEAL — IOP 1004 


MARK — IOP 1011 


TRIM — IOP 1008 (IF APPLICABLE) 


TEST +70°C — IOP 1015 





BURN-IN 48 HOURS — IOP 1013 
TEST +70°C — IOP 1015 
QA PDA — 7% MAX 
QA TEST +70°C — QAP 1037 
EXTERNAL VISUAL — IOP 1005 
PACK — 1OP 1021 
QA FINAL VISUAL — QAP 1029 


RELEASE TO INVENTORY 
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Assembly Flows — MIL-STD-883 
HERMETIC HERMETIC 
—55°C to +125°C —55°C to +125°C 
MIL-STD-883 Class B HI-REL Extended 

Compliant ("B” Suffix) Screening ("E” Suffix) 


INCOMING INSPECTION 
ALL MATERIALS AND PIECE PARTS ONLY FROM 
APPROVED/AUDITED VENDORS PER APPLICABLE 
LOGIC, JEDEC, AND MILITARY SPECIFICATIONS 
SAW — IOP 1001 
PER LOGIC SPECIFICATION 


BREAK — IOP 1002 
PER LOGIC SPECIFICATION 


DIE VISUAL INSPECTION 
PER MIL-STD-883, METHOD 2010, CONDITION B 


DIE VISUAL INSPECTION 
PER IOP 1006 


QA VISUAL LOT ACCEPTANCE 
SAMPLE INSPECTION PER MIL-STD-883 
METHOD 2010, CONDITION B. AQL = 0.65% 


QA VISUAL LOT ACCEPTANCE 
PER IOP 1006 


DIE ATTACH 
PER LOGIC SPECIFICATION 


QA PROCESS MONITOR 
INSPECT FOR DIE POSITION, QUALITY AND 
UNIFORMITY OF ATTACH, AND ATTACHMENT 
STRENGTH, PER MIL-STD-883, METHOD 2010 

AND 2019 CRITERIA 


WIRE BOND 
PER LOGIC SPECIFICATION 


QA PROCESS MONITOR 
MONITOR BOND STRENGTH, FAILURE MODE 
PER MIL-STD-883, MEHTOD 2011 





CONTINUED 
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Assembly Flows — MIL-STD-883 








(Continued (Continued 
from from 
previous page) previous page) 


INCOMING VISUAL INSPECTION 
LOW POWER (30x) INSPECTION OF WORKMANSHIP 
PER MIL-STD-883, METHOD 2010, CONDITION B 


QA LOT ACCEPTANCE 
QA SAMPLE INSPECTION OF WORKMANSHIP 
PER MIL-STD-883, METHOD 2010: AQL = 0.65% 


SEAL 
PER LOGIC SPECIFICATION 


LEAD FINISH — SOLDER DIP 
(GOLD OPTIONAL) 


PER MILITARY SPECIFICATION 


LEAD FINISH — GOLD & SOLDER 
PER SPECIFICATION 





LOT ID — MARK 
PER LOGIC SPECIFICATION 


TEMPERATURE CYCLE 
PER MIL-STD-883, METHOD 1010, CONDITION C 


CENTRIFUGE 
PER MIL-STD-883, METHOD 2001, CONDITION D 


FINE AND GROSS LEAK TEST 
PER MIL-STD-883, METHOD 1014 
FINE LEAK: CONDITION A OR B 
GROSS LEAK: CONDITION C 


LEAD TRIM 
WHEN APPLICABLE PER LOGIC SPECIFICATION 


CONTINUED CONTINUED 
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Assembly Flows — MIL-STD-883 
(Continued 


(Continued 
from from 
previous page) previous page) 


PRE BURN-IN ELECTRICAL TEST = +25°C 
PER LOGIC SPECIFICATION 


PRE BURN-IN ELECTRICAL TEST = +125°C 
PER LOGIC SPECIFICATION 


BURN-IN 
PER MIL-STD-883, METHOD 1015 


POST BURN-IN ELECTRICAL TEST = +25°C 
PER LOGIC SPECIFICATION 


POST BURN-IN ELECTRICAL TEST = +125°C 
PER LOGIC SPECIFICATION 


PDA VERIFICATION 
5% PDA MAX 


FINE AND GROSS LEAK TEST 


PER MIL-STD-883, METHOD 1014 
FINE LEAK: CONDITION AOR B 
GROSS LEAK: CONDITION C 


100% ELECTRICAL TEST T = +125°C 
PER LOGIC SPECIFICATION 


100% ELECTRICAL TEST T = -—55°C 
PER LOGIC SPECIFICATION 


QA GROUP A, ELECTRICAL TEST T = +25°C 
PER MIL-STD-883, METHOD 5005 
SUBGROUPS 1, 7, 9. LTPD = 2 


QA GROUP A, ELECTRICAL TEST T = +125°C 
PER MIL-STD-883, METHOD 5005 


SUBGROUPS 2, 8A, 10. LTPD = 2 
CONTINUED 


CONTINUED 
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Assembly Flows — MIL-STD-883 





(Continued (Continued 
from from 
previous page) previous page) 


QA GROUP A, ELECTRICAL TEST T = —-55°C 
PER MIL-STD-883, METHOD 5005, SUBGROUPS 3, 8B, 11 
LTPD = 2 (B SUFFIX), LTPD = 10 (E SUFFIX) 


100% EXTERNAL VISUAL INSPECTION 
PER MIL-STD-883, METHOD 2009 


FINISHED PRODUCT UNIT PACKAGING 
PER LOGIC SPECIFICATION 


QA EXTERNAL VISUAL INSPECTION 
PER LOGIC SPECIFICATION, AQL = 0.10% 


TO INVENTORY 


FROM INVENTORY 





FINAL MARK 
MARK PART NUMBER PER LOGIC OR CUSTOMER SPEC. 


ELECTRICAL SAMPLE TEST 
T = +25°C, AQL = 0.10% 


FINAL VISUAL INSPECTION 
PER MIL-STD-883, METHOD 2009 


FINISHED PRODUCT UNIT REPACKAGING 


PER CUSTOMER SPECIFICATION IF DIFFERENT 
FROM LOGIC STANDARD PACKAGING 


QA FINAL VISUAL INSPECTION 
PER LOGIC SPECIFICATION 


QA PLANT CLEARANCE 
GROUPS A, B, C, D ATTRIBUTES DATA (WHEN REQUIRED) 


ISSUE CERTIFICATE OF COMPLIANCE 


PACK AND SHIP 





Quality and Reliability 
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MIL-STD-883 Test Flows 





883C Test Flows 


The following tables define the testing performed on Logic Devices 883C compliant products. Table 1 
defines test subgroups 1 through 11 (per MIL-STD-883 method 5005, Table 1) in terms of the specific 
electrical parametric tests which makeup thesubgroup. The specific electrical limits for the tests within each 
subgroup are given in the device data sheet. Data sheet specifications bearing a note stating that the 
parameter is guaranteed but not 100% tested are excluded from subgroup testing. Table 2 defines which of 
these subgroups of tests are performed at various stages in the production and qualification processes. 


SUBGROUP 


TEST 


DEFINITION 


Static tests @ 25°C 
Static tests @ max temp 
Static tests @ min temp 


Dynamic tests @ 25°C 
Dynamic tests @ max temp 
Dynamic tests @ min temp 


Functional tests @ 25°C 
Functional tests @ max temp 
Functional tests @ min temp 


Switching Tests @ 25°C 
Switching tests @ max temp 
Switching tests @ min temp 


REQUIREMENTS 


Final Electrical Test 


GROUP A 


GROUP C&D 
Endpoint Electrical 
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MIL-STD-883 
METHOD 


COMMENTS 


Static tests are defined as those given under the heading “Electrical 
Characteristics” in the device data sheet, with the exception of CIN 
(Input Capacitance) and Court (Output Capacitance). 


The only dynamic test defined for Logic Devices products are CIN 
(Input Capacitance) and CouT (Output Capacitance). 


Functional tests are not explicitly given in the data sheets, but consist 
of stimulation of the device inputs and monitoring of the device 
outputs with a pattern judged to give a good probability of detecting 
any internal functional defect. Thespecificpatterns used for any Logic 
Devices’ product are available on request. 


Switching tests are essentially the same patterns used in subgroups 
7, 8A, and 8B, with the exception that the device is required to 
successfully execute these patterns within the timing constraints 
given under the heading “Switching Characteristics” in the device 
data sheet. 


SUBGROUPS 

TESTED COMMENTS 

1, 2, 3, 7, 8, 
9,10, 11 


PDA applies to 
1,7 only 


Subgroup 4 tested only 

at initial qualification 

and after major process or 
design changes 


1, 2, 3, 4, 7, 8, 
9,10, 11 


1,2/3,759 
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Memory Products 

FIFO Memory Products 
Memory Modules 
Logic Products 


Peripheral Products 


Quality and Reliability 
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Technical Articles 


Sales Offices 


DEVICES INCORPORATED 


ti dB 

a 
ta 
ae 
i) i 
unll||é 


Contents 
8-3 


Poererrrerrrrerer cree rrr rire ir irirr irr re iii iriver iiriiriirrirr ir irriiririiri iii reir iiiiiiiirriiriirys 








OO ee eee reer e ee eee seer eeeae seed esses ee ee eee ee Oe EO EEE REELS OSES OEESEOESE EES EIDE TOEOEEL OO OOL ESO OOH OLEL ESSER OES 


Latchup and ESD Protection 
Power Dissipation in Logic Devices Products 





Technology and Design 


DEVICES INCORPORATED 





— —_ An a 
— aw eo es eee 
m= ea ee 
= ae aaa 
EE EY CE a 

=a 


EE a 
DEVICES INCORPORATED 


AC=Yeralate) (ole h'ar-latem Bi=s-yre lam mer-1iel ass) 





Latchup and ESD Protection 


Latchup is a destructive phenomenon 
which was once common in CMOS 
circuits but has now been largely 
eliminated by improved circuit design 
techniques. Latchup takes place 
because of the existence in CMOS of 
an inherent p/n/p/n or n/p/n/p 
structure between VCc and ground. 
Either of these two can form a pair of 
transistors connected so as to form a 
positive feedback loop, with the 
collector of one transistor driving the 
base of the other. The result is a low- 
impedance path from VCC to ground, 
which cannot be interrupted except by 
the removal of power. This condition 
can be destructive if the area involved 
is sufficiently large to dissipate 
excessive power. One example of the 
formation of such a structure is shown 
in Fig. 1. The equivalent circuit is 
shown in Fig. 2. 


As shown in Fig. 1, the n+ regions 
which form the source and drain of an 
n-channel MOS transistor, also act as 
the emitters of a parasitic npn transis- 
tor. The p-well forms the base region, 
and the n-substrate is the collector. 
The current gain of this transistor is 
relatively high because it is formed 
vertically and therefore the base width 
is quite small. This is especially true 
of fine-geometry CMOS processes 
which tend to have very shallow 
wells to reduce sidewall capacitance. 
The p+ region in the well is called a 
well tap, and is present to form a low- 
resistance connection between the 
well and ground. The source region 
cannot serve this function because it 
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forms a diode between the n+ source 
and the p-well. 


Also shown in Fig. 1 is an additional 
parasitic pnp transistor. The source 
and drain regions of the p-channel 
MOS device form the emitters, the 
n-substrate is the base, and the p-well 
is the collector. This transistor is a 
pnp, and generally has a beta much 
less than 1 since it is formed laterally 
and the gate region is relatively large. 
Like the vertical npn, it can have mul- 
tiple emitters. The n+ region tied to 
Vcc in the substrate functions simi- 
larly to the well tap discussed above. 


Note that the base of the npn and the 
collector of the pnp are a common re- 
gion (the p-well), and similarly the 
base of the pnp and the collector of 
the npn are common (the n-substrate). 
Thus, the pnpn structure necessary for 
latchup is formed. Also, due to the 
the physical distance between the well 
and substrate taps and the base 
regions which they attempt to contact, 
a small resistance exists between the 
base regions and their respective well 
taps, denoted Rs (substrate) and Rw 
(well). 


Latchup begins when a perturbation 
causes one of the bipolar transistors to 
turn on. An example would be excur- 
sion of the output pad below ground 
or above Vcc due to transmission-line 
ringing. If the pad goes more than 

0.7 V below ground, the npn will turn 
on since its base is at approximately 
ground potential. The npn’s collector 
current will cause a voltage drop 


across RS, the bulk substrate resis- 
tance. This voltage drop turns on 
the pnp. 


The pnp transistors’ collector current 
forces a similar voltage drop across 
Rw, the well resistance. This raises 
the base voltage of the npn above 
ground, and can cause the npn to con- 
tinue to conduct even after the output 
pad returns to a normal voltage range. 
In this case, the current path shifts to 
the grounded emitter. 


Note that any effect which can cause a 
transient turn-on of either transistor 
can cause the latchup process. Com- 
mon causes include: 


1. Ringing of unprotected I/O pins 
outside the ground to VCC region. 


2. Radiation-induced carriers gener- 
ated in the base of the bipolar 
transistors. 


3. Hot-powerup of the device, with 
inputs driven high before VCC is 
applied. 


4. Electrostatic discharge. 


Protecting Against Latchup 


Latchup, while once a severe problem 
for CMOS, is now a relatively well- 
understood phenomenon. In order 
for latchup to occur, the product of 
the current gains of the two parasitic 
transistors must exceed 1. Thus, the 
primary means for avoiding latchup 
is the insertion of structures known 
as "guard rings” around all MOS 
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N-channel P-channel Substrate 
Transistor Transistor Tap 
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transistors (and other structures) 
likely to be subjected to latchup- 
causing transients. This includes 
output buffer transistors and any 
devices which form a part of the ESD 
protection network. These guard 
rings absorb current which would 
otherwise drive the base of the lateral 
device, and thus dramatically reduce 
its gain. 

Since external electrical perturbations 
are the dominant cause of latchup in 
non-radiation environments, protect- 
ing the "periphery" of the chip is most 
important. Therefore, since guard 
rings require a lot of area, they are 
generally used only in critical areas 
such as those mentioned above. 


As an additional protective measure, 
strict rules are enforced in the layout 
regarding the positioning of the 
substrate and well taps. They are 
spaced closely together throughout 
the die, reducing the values of Rs and 
Rw. This makes it more difficult to 
develop the base drive necessary to 
regenerate the latchup condition. 


Measurement of susceptibility to 
latchup is done by connecting a 
current source to an input or output of 
the device under test. By increasing 
the current forced to flow into the pin 
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and noting the point at which latchup 
occurs, a measure of the device’s 
ability to resist latchup-inducing 
carrier injection is obtained. Note that 
depending on the device, the current 
source may require a rather large 
voltage compliance in order to 
provide an adequate test. 


While early CMOS devices had a 
latchup trigger current of a few tens 
of milliamps, most current Logic 
Devices products typically can 
withstand more than 1 amp without 
latching. As a result, latchup is no 
longer a practical concern, except for 
extreme conditions such as driving 
multiple inputs high with a low- 
impedance source during powerup 
of the device. 


Electrostatic Discharge 


Input protection structures on CMOS 
devices are used to protect against 
damage to the gate oxides of input 
transistors when accumulated static 
charge is discharged through a device. 
This charge can often reach potentials 
of several thousand volts. The input 
protection network is designed to 
shunt this charge safely to ground or 
Vcc, bypassing the delicate MOS tran- 
sistors. 


Technology and Design 


Several features are required of a 
good input protection network. Since 
static discharge pulses exhibit very 
fast risetimes, it must have a very 
fast turnon time. It must be capable 
of carrying large instantaneous cur- 
rents without damage. It must pre- 
vent the voltage at the circuit input 
from rising above about 10 V during 
the time when the several-thousand- 
volt discharge is shunted to ground. 
It must not create appreciable delay 
for fast edges which are within the 
0-5 V input range. And finally, it 
must be well protected against 
latchup caused by inputs which are 
driven beyond the supply rails, inject- 
ing current into the substrate. Much 
research and experimentation has 
been devoted to optimizing the 
tradeoffs between these conflicting 
goals. 


All Logic Devices products employ 
one of three input protection struc- 
tures shown in Fig. 3. Most devices 
currently use the Type 1 input protec- 
tion. This structure is designed to 
absorb very high static discharge en- 
ergies and will draw substantial 
current from the input pin if driven 
beyond either supply rail. Hence, it 
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Latchup and ESD Protection 


provides a “hard” clamp. Besides its 
advantages for static protection, this 
clamp can effectively reduce under- 
shoot energy, preventing oscillation of 
an unterminated input back above the 
0.8 V Vil MAX level. This makes the 
circuit ideal for noisy environments 
and ill-behaved signals. This input 
structure may not be driven to a high 
level without power applied to the 
device, however. To do so would 
result in current flowing through the 
diode connected to the devices’ Vcc 
rail, and supplying power to the entire 
board or system backward through 
the device VCC pin. This may over- 
stress the bond wire or device metalli- 
zation, resulting in failure. 


The Type 2 structure employs a series 
resistor prior to the two clamp diodes. 
This results in a "soft" clamping effect. 
This structure will withstand the tran- 
sient application of voltages outside 
the supply rails for brief periods 
without drawing excessive current. 

In contrast to the Type 1 structure, 
this circuit will provide only a modest 
reduction of the energy in an under- 
shoot pulse. It is somewhat more 
tolerant of power-up sequences which 
cause the inputs to be driven before 
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Vcc is applied, however. In the 
course of routine product upgrades, 
devices employing this structure are 
being redesigned to use a Type 1 
input protection. 


The Type 3 structure uses a large area 
N-channel transistor (part of an open- 
drain output buffer) to protect the 
input. The drain-well junction of this 
device serves the function of a diode 
connected between the input and 
ground, protecting against negative 
excursions of the input. The ava- 
lanche breakdown of the output 
device serves to protect against 
positive pulses, giving the effect of a 
zener diode between the input and 
ground. This circuit is used only for 
inputs which are designed to have 
their inputs driven without power 
applied. The lack of a diode to Vcc 
prevents sourcing of power from the 
inputs to the Vcc supply. 


Table 1 gives Latchup figures for the 
three input protection structures used 
in Logic Devices products. Table 2 
indicates the input structure used for 


each part type. 
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Latchup and ESD Protection 


Latchup Current 
Structure Immunity 


Min Typ 
Type 1A/B 400mA 1000mA 
Type 2 150mA 250mA 
Type 3 400mA 1000mA 


Device Input Structure Device Input Structure 


Multipliers/Multiplier Accumulators | Register Files 

LMU08/8U Type 1A LRFO7 Type 2 
LMU557/558 Type 1A Peripheral Products 

LMU12/112 Type 1A L5380 Type 1A,3 
LMU16/216 Type 1A L53C80 Type 1A,3 
LMU1 7/217 Type 1A 16K Static RAMs 

LMU18 Type 1A ALL Type 1B 
LMA1009/2009 Type 1A 64K Static RAMs 

LMA1010/2010 Type 1A ALL Type 1B 
LMS12 Type 1A 256K Static RAMs 
Arithmetic/Logic Units ALL Type 1B 
L4C381 Type 1A Special Architecture RAMs 
L29C101 Type 1A ALL Type 1B 
Special Functions FIFOs 

LSH32 Type 2 ALL Type 1B 
LSH33 Type 1A 

L10C23 Type 1A 

Pipeline Registers 

L29C520/521 Type 1A 

LPR520/521 Type 1A 

L29C524/525 Type 1A 

L10C11 Type 1A 

L29C818 Type 1A 


!) 
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Power Dissipation in 
Logic Devices Products 





In calculating the power dissipation of The power dissipation of input level duce a VOH of at least 3.5 V if not fully 


Logic Devices products, attention translators exhibits a strong peak at loaded. As a result, dissipation in the 
must be given to a number of for- about 1.4 V, but is reduced substan- input structures is usually negligible 
merly second-order effects which tially when the input voltage exceeds | compared to other sources. 


were generally ignored when dealing 3.0 V (see Fig. 1). Fortunately, this 
with bipolar and NMOS technologies. voltage is easy to achieve in practice, 
By far the dominant contributor to even for bipolar devices with TTL I/O 
power dissipation in most CMOS structures. These generally will pro- 
devices is the effective current path 
from the supply to ground, created by 
the repetitive charging and discharg- 
ing of the load capacitance. This is 
distinct from DC loading effects, 
which may also consume power. The 
power dissipated in the load capaci- 
tance is proportional to CVF, where 
Cis the load capacitance, V is the volt- 
age swing, and F is the switching 
frequency. This mechanism can 
frequently contribute 80% or more of 
the total device dissipation of a truly 
complementary device operating at a 
high clock rate. 


The second contributor to the power 
dissipation of a CMOS device is the 
DC current path between Vcc and 
ground present in the input level 
translators. These circuits are voltage 
amplifiers which are designed to 
convert worst case 0.8-2.0 V TTL- 
compatible input levels to 0 and 5 V 
internal levels. With 2.0 V applied to 
the input of most level translator 
circuits, about 1 mA will flow from 
the power supply to ground. A 
floating input will at best have similar 
results, and may result in oscillations 
which can dissipate orders of magni- 
tude more power and cause malfunc- 
tioning of the device. 


Two further sources of power dissipa- 
tion in CMOS come from the core 
logic. The sources of internal power 
dissipation are the same as those 
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Power Dissipation 


discussed for external nodes, namely 
repetitive charging of the parasitic 
load capacitances on each gate output, 
and the power drawn due to a direct 
current path to ground when gate 
input voltage levels transition through 
the linear region. In practice, the 
internal voltage waveforms are 
characterized by high edge rates and 
rail-to-rail swings. For this reason, the 
latter source of dissipation is usually 
negligible, unless NMOS or other non- 
complementary logic design tech- 
niques have been used. 


The capacitance of typical internal 
nodes in CMOS logic circuits are a 
few femtofarads. However, there can 
be thousands, or tens of thousands 

of such nodes. Asa result, the core 
power dissipation is strongly depend- 
ent on the average rate at which these 
nodes switch (the "F" in CVF). Fortu- 
nately, for most complex logic circuits, 
with non-pathological external stimu- 
lus only a small fraction of the logic 
nodes switch on any given cycle. For 
this reason, internal power is gener- 
ally quite small for these device types. 
Exceptions include devices containing 
long shift registers or other structures 
which can exhibit high duty cycles on 
most internal nodes. These devices 
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can dissipate significant power in the 
core logic if stimulated with alternat- 
ing data patterns and clocked at a 
high rate. 


To summarize, of the several contribu- 
tors to power dissipation, the CV-F 
power of the outputs is usually domi- 
nant. Because output loading is 
system-dependent, it is not possible 
for the manufacturer to accurately 
predict total power dissipation in 
actual use. Asa result, Logic Devices 
extrapolates measured power dissipa- 
tion values to a zero-load environ- 
ment, and publishes the resulting 
value. This value includes the effects 
of worst-case input and power-supply 
voltages, temperature, and stimulus 
pattern, but not CV’F. This value is 
weakly frequency dependent, and the 
frequency at which it is measured is 
published in the device data sheet. 
The maximum value is for worst-case 
pattern, and the typical is for a more 
random pattern and is therefore more 
representative of what would be 
experienced in actual practice. 


A good estimate of total power dissi- 
pation in a particular system under 
worst-case conditions can be obtained 
by adding the calculated output 


8-8 


power to the typical published figure. 


The output power is given by: 
sul (cv ; =) 
2 2 

where: 


N = the number of device outputs 
(divided by 2 to account for the 
assumption that on average half 
of the outputs switch on any 
given cycle) 


C = the output load capacitance, per 
pin, given in Farads 


the power supply voltage 


the clock frequency (divided by 
2 to account for the fact that a 
registered output can at most 
switch at only half the clock 
rate). 


‘I 
i] 


A less pessimistic estimate, appropri- 
ate for complex devices when reason- 
able input voltage levels and non- 
pathological patterns can be expected, 
would neglect the published value 
and use only the calculated value as 
given above. 
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Thermal Considerations 


Ceramic Leadless Chip Carrier (LCC) — (Type K) (continued) 


KG <= 20- piti; 0; 200" 5 O42 io oaccisicocesstauesvaisbentcsasboansssositsivensetieibveptoadecieascincclipae 
KF 2 B2- pits, 0.450" x 0.550 scasctscescicescicstscssanssavincacistanste svdnasovidvaamsecedsnineasnaotconndes 
KS -—= 20-piny, 0.350"  OSS0" scncsisassncniessacavnsiars slossnceiadadsnsoasstenbuessundetondasibactevnsescesuyavese 
K-48 - pity, 0:550" 0.590" sscasvstsscconsvvsessecentvenshvunstaan sheenousssbsbanadevstiesavig cdeiearsacnaeectie 


Ceramic Leaded Chip Carrier — (Type L) 


: 
ED SS GRIN a scans wah cccupdtsicinticagu cance shcasvonsnsuanainde Sasoessnehepaaiecntas danpeie dhouseaapeudslanphcoigebaetes 


Plastic DIP — (Type P, N) 


PPL DE any 0.6" WA iiss ccaennsasivesiconnas evelaoseny voseistaennntiouusessonaasan owevaunsoasdcepetienenentees 
PZ 24- pity, 0.3" WIE ssssccssncecsssecenssciaotssvssinsaedntnsvsnnteonveashoevinse ovakesstoees us snsnvadeneseasveseis 
PD AD ime, 0:6" WAS is iccscsaigs ontossesesacsng teases stsenssnsin sag esosccndeudeetinedenesSpatse dodesssniiecesee 
PA: OE opiy,. 0.9" Wide x. ciccssveasnicoiacsenacscnajeicesstastiasnnstenntansainctassaiannastnielacriasescaatonaety 
PB ma AS ping, 0:6 WAG sisinicsassesetcsssantenncs oannsendcasgiendedbasssiasateveacprnedsateniigninsesalocderaiee 
PG 20S PIT, 0.8 WARE sss csccuseaneickeconweascesvpuscbesondbnosstavteiausensambeotataintvaus cbcoasnscsensdvstacten 
DF se SOs ini O.BF WAAR sssiestisncpciecakavasegets seas Dacyvonsediacschveh saps senssavesenssvodsosvaptadsstualactauines 
PR ZO BIN OS WIRE cs scsinasiaea sis othessatuansdlaiinds absichanbonsshmneideaaied eaieaulaesishasureieusdateied 
PO DR api, 0.60 WARE asc cesatantcusteasneatynavicaphe sb iasadeseniieentat eoossnn canon chia vnecGsausseiaasaseads 
P10 = 28-piiay, 10.3" WA sect cesonavin cision wisvesageenvbosyibanss ben Susp vadacevesisesieon cas tacecancnevestenites 
PEE = 28-pitn, OA” Wide sissssccssetvocesndessonsivi dees cast ystess vadscavobeuehuaiSisaascssetiease autenenadacestons 
PUZ == 16-pity, O37 WADE as scccatesiawas sso wiiess capita gntreaaaannscindsuoplonbesevanspsasndcas tea bepbeesesoeyiveens 
PUSS TS-plty, 0.3" WAG iss cat isssisvssenidssecsecons esncnseennonsavsnesinsbatebeaeaontecnssielsiaeahioangnavenes 
PEA BZ pin, 0:6" WAG sisesisasaiistrnee sitio inscaceunicates iasiansvaosessodgsabuoassteeitieesicasse cde eseads 
P15: —32-pin, 0.6" wide, Modtle si..cescccssessssissassnassinsotonasisiacestineessconsseionssosescsapsnisates 
PIG —40-pin, 0:9" Wide, Module sisiccicccssnssssesscandascisocdncdcssdossnsasassdeadeesinststavaptarnsousiee 
P17 — 48-pin, 0.9" wide, Module .............ss0sssvsssssesssssvsessssseeessesessecsosseosesereeressaesorenes 


SIP Substrate — (Type S) 


S1_ — 28-pin, SIP Modulle ...cssssssssssssssssssssssssssssssussseseessssecvnsesssvsessnsenstescnsssesssnen 


Plastic SOIC, Gull-Wing — (Type U) 


MD 2A pit OUD” Wide a. soskty eccess cavers nnsnssupeazchnnstvecdiosteccivesSotudeiannsonsa depebevtaduosanansoaebe 
2 2B pny, O-GO0 Wide ou sscciassssiscissasinos sucasce tesaus tedvnseuuccecepoausnitosesaninsagsnseedvicaonesonnsn 
US = 20 pany, 0, S00” WA ea. sscccsscsvsssassnsinaccshswnsanadsceeeexsduvedesvovsupleuescensesvdeivsigacronnvenid 
4 = 16- pin 0.300" Wide cssiciancsssstite pienssissalteedcaestatsnsiniaconnnannneeiemaeeae 
UB = 18-pin, 0.00" Wide oaisccscssssscdensssccsostusssassnevenvenstecbeccssinevasesssisernuie estenntesndeinwnest 


Plastic SOIC, Gull-Wing — (Type V) 


WE A pln 0 SA0” wide assets hcchee hut ase sccanipeceta dlatetesa choelvcsbed 
V2 8 pln 0,540" wile a gues. coscalatecesiessssulcostnscnacaneebesantonaniaatanaalaasn 


Plastic J, J-Lead — (Type W) 


W 1 = 24-pin, 0.300 wide Coes rece rec cecrccccoeseconeccoes secccces eceee eeee A oeeeeccsccocoooos 
7] . oe eee evecenee eoecee eeceece: . 

W2 28 pin, 0.300 wide COC OOH Oooo re Oe ee re ee ee eee OOO SEO SEEDED OOD ES OE OES ODO OOSESEL EO EOHES HCE SOL ESTE ED OOOO OOS 

W3 = 20-pin 0.300 wide PP eee rcs vires irre irri rire tii rie) 
y . . eee eoeee eooe 

W4 pr 16-pin, 0.300 wide Cee ee rw ere ee eereser eres ser eres eee esos ee eer ee ee Tee NOTES SESE OS EOT OSES EO HES OT OT DEO OSEHOES 
a 

W5 ras 18-pin 0.300 wide ee eereveccecccnvenccce Pacer occcccseccsoce . sees Sever enneceeece: 
\y . oo wees eeveeee Cevecccssccccccecs ee ceccceveceveves 
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Logic Devices 38510 
Pkg. Code Pkg. Code 


CerDIP — (Type C, I) 
C1 — 24pin, 0.3" wide 
C2 — 20-pin, 0.3" wide 
C3 — 22-pin, 0.3" wide 
C4 — 24-pin, 0.6" wide 
C5 — 28-pin, 0.3" wide 
C6 — 28-pin, 0.6" wide 
C7 — 16-pin, 0.3" wide 
C8 — 18-pin, 0.3" wide 
C9 — 32-pin, 0.6" wide 
Hermetic DIP, Sidebraze — (Type D, H) 
D1 — 24pin, 0.6" wide 
D2 — 24pin, 0.3" wide 
D3 — 40-pin, 0.6" wide 
D4 — 64-pin, 0.9" wide 
D5 — 48-pin, 0.6" wide 
— 64-pin, 0.9" wide, cavity down 
D7 — 20-pin, 0.3" wide 
D8 


D9 — 28-pin, 0.6" wide 

D10 — 28-pin, 0.3" wide 

D11 — 28-pin, 0.4" wide 
Ceramic Flat Pack — (Type F) 


Ceramic Leadless Chip Carrier (LCC) — (Type K) 
K1 — 28-pin, 0.450" x 0.450" 
K2 — 44-pin, 0.650" x 0.650" 
K3 — 68-pin, 0.950" x 0.950" 
K4 — 22-pin, 0.290" x 0.490" 
K5 — 28-pin, 0.350" x 0.550" 
K6 — 20-pin, 0.290" x 0.425" 
K7 — 32-pin, 0.450" x 0.550" 
K8 — 20-pin, 0.350" x 0.350" 
K9 — 48-pin, 0.550" x 0.550" 
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Manufacturers Logo (designator) 
Pin 1 mark (optional if there is a notch, tab, etc.) 
MIL-STD-883 compliant indicator (optional) 


‘Logic Devices, Inc. part number prefix 
Device number 

Package code 

Temperature Range 


Speed 

Screening 

Fab code 

Die stepping (rev) 


ESD class 
Lead finish (A = solder dip; B = tin; C = gold) 
Fabrication date code (year, quarter) 


Assembly date code (year, week) 


Sublot 


Quality Assurance job number 





Country of origin 
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Product Marking Guide 


LMA2010JC65 


vGie 
L29C520PC22 
SAQA 8903 A 
SA9A 8903 A 


TOP ONLY — CAVITY UP: 300 MIL 


L29C520DMB22 
SA9SA AA 


== 883C 
[20C520DMB22 
SAIA AA 
USA 1234A 8903 


ze3iss> = 88 3C 
LMA1010DMB45 
SA9IA AA 
USA 1234A 8903 


NOTE: Package marking may vary due to space limitations 
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Product Marking Guide 


8903 AA 


83C 
[20C520FME B22 
8903 AD 


USA 1234A 
SA9A 


SRAM — TOP 


TOP ONLY 
Eee 
883C 
L7C185 
KME85 A 
8903 A 


L4caai GM B40 
SA9A AA 


USA 1234A 8903 











NOTE: Package marking may vary due to space limitations 
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Mechanical Drawings 


C1 — 24-pin CerDIP 
(0.3" Wide) 


0.016 
0.020 


C2 — 20-pin CerDIP 
(0.3" Wide) 


SEATING PLANE 
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0.318 


0.200 0.100 
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C3 — 22-pin CerDIP 


(0.3" Wide) 22 
a 
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ge 
1.062 
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Mechanical Drawings 


C4 — 24-pin CerDIP 
(0.6" Wide) 


0.155 


0.200 | 


0.125 | cl Lea 26) 0.020 
0.200 TYPICAL . 


C5 — 28-pin CerDIP 
(0.3" Wide) 


C6 — 28-pin CerDIP 
(0.6" Wide) 
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Mechanical Drawings 





C7 — 16-pin CerDIP 
(0.3" Wide) 


SEATING PLANE 


0.29 
1 


2 
0.3 


§ 


C8 — 18-pin CerDIP 
(0.3" Wide) 


C9 — 32-pin CerDIP 
(0.6" Wide) 





SEATING PLANE 
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1.620 
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Mechanical Drawings 


D1 — 24-pin Hermetic DIP 
(0.6" Wide) 


24 


0.040 
0.016 0.060 —>l|<— 
0.020 | 0.012 
SEATING PLANE 


D2 — 24-pin Hermetic DIP 
(0.3" Wide) 


SEATING PLANE 


D3 — 40-pin Hermetic DIP 
(0.6" Wide) 


40 


0.600 
| 0.620 | 
0.040 


oo il |\ eo 
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Mechanical Drawings 





D4 — 64-pin Hermetic DIP 
(0.9" Wide) 


64 
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.040 0.008 
A “Fi sais 


SEATING PLANE 














D5 — 48-pin Hermetic DIP 
(0.6" Wide) 


ag TPIT 


0.175 





D6 — 64-pin Hermetic DIP (Cavity Down) 


(0.9" Wide) 
64 
3 errs 0.090 
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Mechanical Drawings 


D7 — 20-pin Hermetic DIP 
(0.3" Wide) 


D8 — 22-pin Hermetic DIP 
(0.3" Wide) 


D9 — 28-pin Hermetic DIP 
(0.6" Wide) 


28 
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Mechanical Drawings 


D10 — 28-pin Hermetic DIP 
(0.3" Wide) 


SEATING PLANE 


D11— 28-pin Hermetic DIP 
(0.4" Wide) 


wie | | 
0.016 Pe 9.008 
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Mechanical Drawings 





F1 — 24-pin Ceramic 
Flat Pack 


F2 — 28-pin Ceramic 
Flat Pack 
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ic Pin Grip AnRay—TyrEG 
G1 — 68-pin Grid Array 


0.020 x 45° 111098765432 
(4X) 5_é 
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0.105 
TYPICAL 


=n t 0.048 \. SEATING PLANE 
04s 1s { —»|— 0.055 


0.018 


0.022 
DIA. TYP. 





G2 — 68-pin Grid Array 
(Cavity Down) 


0.075 x 45° 0.030 x 45° 1110987654321 
(3X) 





PIN 1 v 
INDEX 
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Mechanical Drawings 


J1 — 44-pin Plastic J-Lead 
(0.690" x 0.690") 


0.020 
0.025 


J2 — 68-pin Plastic J-Lead 
(0.990" x 0.990") pee 


Boon 0.045 x 45° 


—| 0.020 
0.045 x 45° 0.025 


J3 — 84-pin Plastic J-Lead 
(1.190" x 1.190") 


0.045 x 45° 
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Mechanical Drawings 


J4 — 28-pin Plastic J-Lead 
(0.490" x 0.490") 


0.020 
0.025 


0.173 


0.099 
0.105 


J5 — 52-pin Plastic J-Lead 
(0.790" x 0.790") 


J6 — 32-pin Plastic J-Lead 
(0.490" x 0.590") 





J7 — 20-pin Plastic J-Lead 
(0.390" x 0.390") 


0.045 x 45° 


0.050 ; 
TYPICAL { 
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Mechanical Drawings 


K1 — 28-pin Ceramic LCC 
(0.450" x 0.450") 


0.020 x 45° 








K2 — 44-pin Ceramic LCC 
(0.650" x 0.650") 


0.020 x 46° | 


K3 — 68-pin Ceramic LCC 
(0.950" x 0.950") 
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Mechanical Drawings 





K4 — 22-pin Ceramic LCC 
(0.290 "x 0.490") 0.089 7 08 


>| 


ie 


0.484 
0.500 


& 
el 
0.021 
0.029 


0.060 


0.120 


0.012 R 
(4x) 





Top View 











K5 — 28-pin Ceramic LCC 
(0.350" x 0.550") 


0.345 
0.355 
0.020 x 45° 








K6 — 20-pin Ceramic LCC 
(0.290" x 0.425") 


0.050 
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0.431 
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0.040 x 45° 
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Top View Bottom View 
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Mechanical Drawings 


K7— 32-pin Ceramic LCC 
(0.450 "x 0.550") 


0.445 
0.020 x 45° 0.460 


Bottom View 


K8 — 20-pin Ceramic LCC 
(0.350" x 0.350") 


0.345 
0.355 
0.020 x 45° 





K9 — 48-pin Ceramic LCC 
(0.550" x 0.550") 
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0.560 


0.020x 45° | 


fa 0.040 x 45° 


(3x) Top View Bottom View 
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L1 — 68-pin Ceramic Leaded 


0.045 0.016 0.082 
0.055 0.020 0.100 
oo (44 


| 
Hi 


Chip Carrier 





P1 — 24-pin Plastic DIP 
(0.6" Wide) 24 


0.600 
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0.016 0.610 
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P2 — 24-pin Plastic DIP 
(0.3" Wide) 


24 


TYPICAL 
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Mechanical Drawings 


P3 — 40-pin Plastic DIP 
(0.6" Wide) , 


P4 — 64-pin Plastic DIP 
(0.9" Wide) 
64 
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P5 — 48-pin Plastic DIP 
(0.6" Wide) 
48 
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Mechanical Drawings 


P6 — 20-pin Plastic DIP 
(0.3" Wide) 





oro f Le- 0.100 


TYPICAL 


P7 — 32-pin Plastic DIP 
(0.3" Wide) 


0.120 | -»| Lesotnn -s|[a2018 
0.140 TYPICAL 


P8 — 22-pin Plastic DIP 3 
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Mechanical Drawings 


P9 — 28-pin Plastic DIP 
(0.6" Wide) 


28 


P10 — 28-pin Plastic DIP 


— 


(0.3" Wide) 


SEATING PLANE 
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P11 — 28-pin Plastic DIP 
(0.4" Wide) 
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Mechanical Drawings 





P12 — 16-pin Plastic DIP 
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P13 — 18-pin Plastic DIP 
(0.3" Wide) 
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P14 — 32-pin Plastic DIP 
(0.6" Wide) 2 
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Mechanical Drawings 


P15 — 32-pin DIP Module 
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U1 — 24-pin Plastic SOIC 
(0.300" Wide) 
2-282 (0.300) 
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U2 — 28-pin Plastic SOIC 
(0.300" Wide) 
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U3 — 20-pin Plastic SOIC 
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Mechanical Drawings 


V1 — 24-pin Plastic SOIC 
(0.340" Wide) 
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V2 — 28-pin Plastic SOIC 
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Mechanical Drawings 
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W1 — 24-pin Plastic SOJ 
(0.300" Wide) 
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Detail A 


W2 — 28-pin Plastic SOJ 
(0.300" Wide) 


W3 — 20-pin Plastic SOJ 
(0.300" Wide) 
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Mechanical Drawings 


W4 — 16-pin Plastic SOJ 
(0.300" Wide) is 


Detail A 


SEATING PLANE 


0.011 
0.016 * 
[deta ‘A 


W5 — 18-pin Plastic SOJ 
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The temperature at which a semi- 
conductor device operates is one of 
the primary determinants of its relia- 
bility. This temperature is often refer- 
red to as the "junction temperature", 
although this term is more appropri- 
ate for bipolar than MOS technologies. 
Heat dissipated in the device during 
operation escapes through a path 
consisting of one or more series 
thermal impedances terminating in 
the surrounding air (see Fig. 1). 


The presence of this nonzero thermal 
impedance causes the temperature of 
the device to rise above that of the air. 
Each of the components of the overall 
thermal impedance causes a rise in 
temperature which is linearly depend- 
ent on the power dissipated in the 
device. The coefficient is called @, and 
has the units °C/W. The 6 value for 
each thermal impedance represents 
the amount of temperature rise across 
the impedance as a function of the 
power dissipation. Usually, 8 is 
given a subscript indicating the two 
points between which the impedance 


is measured. Thus the junction 
temperature of an operating device is 
given by: 


T; =Tawpt Pd © 8,4) 

where: 

T. = junction temperature of the 

: device, °C, 

T 'AMB™ ambient air temperature, in°C 

Pd = power dissipation of the 
device, in W, 

&, = sum of all thermal imped- 
ances between the die and 
the ambient air, in °C/W. 


The thermal impedance of a given de- 
vice is dependent on several factors. 
The package type is the predominant 
effect; ceramic packages have much 
lower thermal impedances than 
plastic, and packages with large 
surface areas tend to dissipate heat 
faster. Another factor which is be- 
yond the control of the device manu- 
facturer but which is nonetheless im- 
portant is the temperature and flow 


rate of the cooling air. Secondary 
effects include the size of the die, the 
method of attaching the die to the 
package, and the organization of high 
power dissipation elements on the die. 


Because all Logic Devices products 
are built with low-power CMOS tech- 
nology, thermal impedance is less of a 
concern than it would be for higher 
power technologies. As an example, 
consider a typical NMOS multiplier 
similar to the LMU16, packaged in a 
64-pin plastic DIP. Assuming 1 W 
power dissipation and 6, , of 50°C/W, 
the actual die temperature would be 
50°C above the surrounding air. By 
contrast, the Logic Devices LMU16 
has a typical power dissipation of 
only 60 mW. This device in the same 
package would operate at only 3° 
above the ambient air temperature. 
Since operating temperature has an 
exponential relationship to device 
failure rate (see Quality & Reliability, 
Section 5), the reduction of die tem- 
perature available with Logic Devices 
low-power CMOS translates to a 
marked increase in expected reliability. 


AMBIENT AIR 
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Thermal Considerations 


To assist the user in calculating 
cooling requirements and in making 
reliability predictions based on MIL- 
HDBK-217, the following table of 
estimated 6, values for Logic Devices 
products is provided below: 


No. Width Package 
Leads (in) Code 


No. Width Package Approx. 
Leads (in) Code 85, (Still air) 


Plastic Dual-Inline 
20 P6 
22 P8 
24 : P2 
24 : P1 
28 

28 COO. PQ 
40 P3 
48 P5 
64 P4 
Sidebraze, Dual-Inline 
20 D7 
22 D8 
24 : D2 
24 A D1 
28 

28 : D9 
40 D3 
48 D5 
64 D4 
64 Cav.dn D6 


CerDIP, Dual-inline 
20 C2 
22 C3 
24 : C1 
24 i C4 
28 : C5 
28 ; C6 

Pin Grid Array 
68 
68 CavDn 
84 


28 J4 
44 J1 
68 J2 
84 J3 


28 K1 
44 K2 
68 K3 
84 K4 
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Approx. No. Width Package Approx. 
95, (Stil air) Leads (in) Code 05, (Still air) 


Plastic SOIC (Gull-Wing) 
24 U1 65-80 
28 U2 60-75 
Plastic SOJ (J-Lead) 
24 W1 65-80 
28 W2 60-75 


Plastic J-Lead Chip Carrier 


50-70 
40-60 
35-55 
35-55 


Ceramic Leadless Chip Carrier 


40-60 
35-60 
25-50 
20-40 
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Real-Time Digital Image Transformation 


by 
Joel H. Dedrick 


This application brief describes the design of a special effects generator for commercial broad- 
cast television application. It demonstrates efficient realization of real-time pixel filtering, two 
dimensional interpolation, first order coordinate transformation, and display memory address 
generation. These operations are used in a variety of applications including mechanical and 
electrical CAD/CAM, image recognition, machine vision, RADAR/SONAR display processing, 
and other similar problems in which two or three dimensional data must be reformatted or 


manipulated for display. 


Introduction 


The television special effects generator 
is commonly used to provide a range 
of effects for broadcast use. These 
include the inclusion of reduced size, 
live or frozen inset pictures (e.g., 
"scene of the accident" shots in news 
programs) contained anywhere in the 
main video shot. Also, causing images 
or text (the network logo, a photo- 
graph and statistics of an athlete, etc.) 
to overlay the main video, and to be 
moved around the screen, rotated, 
and sized as appropriate. 


The design described here can accom- 
plish any first order translation (dis- 
placement in 2D space), rotation, and 
scaling (enlargement or reduction) on 
the input image in real time. By first 
order we mean that the translation, 
rotation, and scaling of the image is 
constant throughout the image for a 
given direction (X or Y), and thus no 
curvature of the image may be pro- 
duced. Introducing second or higher 
order warping is a straightforward 
extension of the concepts presented. 
By real time, we mean that the system 
is capable of altering the effect gener- 
ated throughout its range on a frame- 
by-frame basis, effectively provid- 
ing for smooth progressions in the 
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translation, rotation, and scaling 
operations giving the appearance of 
motion of the processed image around 
the screen. 


Image Transformation — 
A System Overview 


The image transformation system 
works essentially in two steps: First, 
the incoming image is lowpass filtered 
in both the vertical and horizontal di- 
rections. This is done because the 
effect required may include shrinking 
the picture. This essentially amounts 
to subsampling, or extracting every 
“n‘®” pixel sample from the input im- 
age to form the output image. Sub- . 
sampling the input image without 
filtering would result in aliasing, since 
the new spatial sample rate may be 
insufficient to meet the Nyquist 
criterion. (The Nyquist criterion for 
calculating the required sample rate in 
a sampled data system states that the 
sampling frequency must be at least 
twice that of the highest frequency 
component in the signal. Aliasing 

is the term for the type of distor- 

tion which occurs if this condition is 
not met.) 


It is important to note that the cutoff 
frequency for the lowpass filters 
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should be selected so that the above 
criterion is met, but a lower cutoff 
frequency than necessary results in 
loss of information (a "smearing" of 
the output image). For this reason, 
the cutoff frequency, and therefore 
the coefficients, of this filter must be 
adjusted according to the amount of 
scaling desired. This is done inde- 
pendently in the horizontal (X) and 
vertical (Y) directions. 


The second step in the transformation 
process is to extract the individual 
pixels in the input image in the 
specific sequence required to form the 
output image. 


Simple Transformation 
Examples 


Some examples of the transformation 
process will illustrate the steps re- 
quired: 


For a simple shrink of an image by a 
factor of two in each direction, (Figs. 1 
and 2) every other pixel (PIcture ELe- 
ment) of the image would be extracted 
to form a scan line in the output 
image. Since this results in only half 
the number of pixels required on the 
scanline for television, the remaining 
pixels are blanked. Similarly, in the 
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vertical direction every other scanline 
is skipped, effecting a similar shrink 
along the Y axis. 


The capability of moving the input 
image around the output image plane, 
called translation, is accomplished 
during the creation of the output im- 
age. By controlling on a line-by-line 
basis, when the sampling of the input 
image begins, and by blanking all 
pixels which map to coordinates out- 


Figure 1. Normal TV image. 


Figure 3. Addition of 45° rotation to the 
scaled image. The arrows show the scan 
directions in the input (small arrow) and 


output coordinate frames. 
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side the input image, translation can 
be accomplished. In addition to 
scaling, Fig. 2 shows translation of the 
(reduced size) input image to the 
center of the output image. 


A more complex example arises when 
the image must be reduced in size as 
above, and also rotated 45° (Fig. 3). 

In this case, the scan direction (order 
in which pixels are displayed to pro- 
duce an image) has changed between 


the input and output image, as shown 
by the arrows in Fig. 3. Because the 
in-put image is now being scanned at 
an angle rather than in the normal 
horizontal direction, the desired 
sample points will generally fall in 
between the actual locations of avail- 
able pixels (Fig. 4). Note that this will 
also occur with simple scaling when 
the scale factor is not an integer. 
Because of this phenomenon, some 
type of interpolation will be required 


Figure 2. Same image after 2:1 shrink in 
both axes, and translation to center of 


output frame. 
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Figure 4. Sample points on one scanline 
through the input to form the result in 
Fig. 3. The black dots are the input 
(normal) image samples, the white dots 
are the desired sample points for the 
scaled and rotated output. The sample 
rate is reduced (spacing increased) to 
shrink the image, and the scan angle 
causes rotation. 
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to calculate the value of a point which luminance channel, and the other op- _ provided to this memory uniquely 


does not fall exactly on a pixel loca- erating in an interleaved fashion on selects an individual pixel in the 
tion. For the system under discussion, the chrominance channel, with control output image, and is denoted by 
bilinear interpolation is used for this information common between the (X,Y), respectively the horizontal and 
calculation. two. The diagram represents a single _ vertical displacement from the upper 
Image Transformation such channel easily capable of sustain- left corner. 

: ing a 14.3 MHz datarate. : 
System Implementation Coordinate Transformer 
The video effects generator block poet se ia ae a tii The Coordinate Transformer ; 
diagram is shown in Fig. 5. Television calculates the address of the pixel 
signals are expressed digitally as three The system is composed of several location in the input image, denoted 


channels of data. One channel, con- major blocks as shown in Fig.5. The _ by (X’,Y’), corresponding to the 
taining luminance or brightness infor- Display Memory contains the output _ location currently addressed by the 
mation, is sampled at 14.3 MHz. The video image. The address sequence Display Address Counter. A general 
for this memory is provided by a Dis- _ first order transformation from one 


other two channels together express 
play Address Counter, which counts 2D coordinate space to another can 


the chrominance or color of the image, 


and the aggregate of these alsorepre- ina fixed sequence, scanning the be implemented as: 

sents a 14.3 MHz data stream. Itis pixels within . line from left to right, X'=aX+bYec 

common practice to split the datapath and sequential lines from the top to 

into two halves, one operating on the the bottom of the image. The address Y'=dX+eY+f (1) 


Figure 5. Video special effects generator block diagram. 
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By appropriate choice of the six coeffi- 
cients a—f, this set of equations can 
map any point in the X,Y (output) 
image plane to the corresponding 
point in the X’,Y' plane if the two 
images are related by any combina- 
tion of translation, rotation, and 
scaling. 


However, since the Display Memory 
(X,Y) is always scanned in a fixed 
order, a generalized transformation as 
given above is not required. Signifi- 
cant hardware savings can be realized 
by taking advantage of the fact that 
once the input image point corre- 
sponding to the first pixel on an 
output image scan line is known, the 
locations of successive input points 
are related to the first by fixed offsets 
in X' and Y'. This is true because 
while the input image may be scanned 
at any angle, the path through the 
input image corresponding to an 
output scan line is always a straight 
line (for first order transformations). 
Thus, generating addresses in the X’,Y' 
space is reduced to a simple recursion 
formula requiring only two additions 
and no multiplications. This formula 
takes the form: 


X's, =X, + dX'/dX 


Yi41 2Y, + aY'/dX (2) 


Note here that dX'/dX and dY'/dX 
are constants, so a simple program- 
mable accumulator suffices to calcu- 
late input image addresses once the 
starting point for a given scanline is 
known. 


Figure 6 shows the coordinate trans- 
former implemented with two Logic 
Devices L4C381 ALU’s. The operand 
select function of the L4C381 is used 
to feed back the contents of the output 
register to the B input, implementing 
a programmable-rate increment 
function. By allocating one ALU for 
X' and one for Y', the recursions in 

Eq. (2) are implemented in only two 
devices. The B operand register of the 
ALUs holds the starting value for the 
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next scanline, which is passed to the F 
register to initialize it. The A operand 
register holds the increment value 
dX'/dX or dY'/dX which is added to 
the accumulator (F register) contents 
on each cycle. 


As discussed above, the desired pixel 
location in general does not corre- 
spond to the actual location of a pixel’ 
in the Frame Store. Asa result, the 
X',Y' address must provide much finer 
resolution than the actual pixel grid 
used in the image. This is accom- 
plished by providing both an integer 
and a fraction part of the X' and Y' 
displacements. For example, if 10 bits 
of integer and 4 bits of fraction (14 bits 
each for X' and Y') then a 1024 x 1024 
image could be addressed to a spatial 
resolution of one sixteenth of a pixel. 
This fine resolution is required to 
produce adequate interpolation of 

the pixel value which is stored in 

the Display Memory. The L4C381 
implementation of the coordinate 


transformer easily meets this require- 
ment: In implementing a 16-bit 
accumulator for both X’ and Y, the 
LAC381 provides two additional bits 
of resolution so that the address 
increments in X' and Y' directions can 
be specified to a full 16 bits of preci- 
sion, even though only 14 bits are 
actually used. This is important 
because in a recursion formula, small 
errors in the desired increment 
accumulate with each cycle. The net 
effect is quantization error in the 
desired angle of rotation. The addi- 
tional bits provide finer control over 
the desired angle. 


Video Frame Store 


The Video Frame Store is a RAM 
bank which stores the filtered input 
image. It is designed to execute four 
simultaneous read operations per 
clock cycle. For each address (X',Y') 
of the desired location provided by 
the Coordinate Transformer, the 


Figure 6. Coordinate Transformer. The L4C381 ALU is used as an 
address counter with programmable step size. 
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(OUTPUT FRAME Y COORDINATE) 


10 BITS INTEGER + 
4 BITS FRACTION 
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row numbers and even column 


and passed directly to the odd RAM. 


four stored pixel values closest to the numbers only, etc. As an aside, note that since the data 
addressed point. In order to accomplish ; ; for any row is distributed between 
this, only the integer part of the X,Y’ sa nae ooze in eco two RAM banks, the least significant 
address need be considered. If I(X')is 7 d . nf ddr bit of the address generated above 
taken to mean the integer part of x’, Order to generate internal addresses 111 b0 discarded. This is so that dat 
Ser P , used to access the four RAM banks. VIS ai Aa ance 


and similarly with Y', then for an 
input address X’,Y' the desired four 


The input X’ and Y' addresses are each 
applied to a pair of ALU’s configured 


elements are stored in contiguous 
locations in the RAM banks, fully util- 


pixel locations are: so as to selectively increment the izing the available storage. Asa 
1X), 1%) 1(X)+1, ICY’) address depending on whether it is eae ie a parraunie ela 
even or odd. For example, if the Y'ad- "© of abelcnnhacassreosia dd mati te . 
IX’), 1¥")+1 1(X‘)+1, ICY')+1 same, or may differ by one. 


The organization of a memory capable 
of executing these simultaneous read 
operations is shown in Fig. 7. Pixel 
data is assigned to four internal RAM 
banks in such a way that adjacent 
pixels are never stored in the same 
bank, i.e., one bank is assigned to even 


dress (row number) is even, then the 
RAM banks containing data for even 
row numbers should be supplied with 
this address directly, and those con- 
taining odd row numbers should be 
supplied with Y'+1. Conversely, if Y' 
is odd, it will be incremented for 
presentation to the even row RAM, 


The X' address is similarly modified to 
produce internal addresses for even 
and odd column numbers, and the 
resulting four addresses are combined 
to access the four RAM banks. The as- 
sumption here is that a row and 
column address can be concatenated 


Figure 7. Video Frame Store. This special purpose memory accepts a desired sample location (X 
and Y Address) and reads the four pixel values closest to the desired point. 
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to address a RAM bank, i.e., the 
internal plane sizes are integral 
powers of 2. Once these addresses are 
formed, four memory accesses are 
executed in parallel. Finally, multi- 
plexers route the appropriate data to 
the four output ports, with selection of 
these muxes again determined by 
whether X' and Y’ are even or odd. 


Bilinear Interpolation 


The four pixel values read from the 
Frame Store on each clock cycle are 
processed by the Bilinear Interpolator 
to produce the actual value written to 
the Display Memory. Bilinear inter- 
polation is a means for interpolating a 
value between sample points in a two 
dimensional grid. It operates as 
shown in Fig. 8. 


The four shaded points P1—P4 in the 
figure represent actual pixel values in 
the Frame Store. These are the four 
closest pixels to the desired point, 
denoted by P. P represents location of 
the point addressed by (X‘,Y’). As dis- 
cussed above, X' and Y' have both an 
integer and fractional part, with the 
fractional part of each representing 
offsets in the horizontal and vertical 
direction between pixels in the Frame 
Store. The interpolator is presented 
with the four pixel values P1-P4, and 
the fractional parts of X' and Y’, 
denoted dX' and dY'. The interpola- 
tion process can then be derived as 
follows: 


First, the value of an imaginary pixel 
located between P1 and P2 is deter- 
mined. This point, labeled P' in Fig. 8, 
is offset from P1 by dX’, the same hori- 
zontal offset as the output point P. 
Unlike P, however, P’ has the same 
vertical value as P1 and P2, so it repre- 
sents interpolation in the X direction 
only. P’ can be seen in Eq. 3 to bea 
weighted sum of P1 and P2, with the 
weights inversely proportional to the 
distance of P’ from P1 and P2. 


P' = Pidi - dX’) + P2(dXx’) (3) 
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Note that the weights applied to P1 
and P2, namely (1 - dX’) and (dX’) 
sum to one, resulting in no net ampli- 
tude gain through this process. 


In a similar way, a point P" can be de- 
termined which is a horizontal axis in- 
terpolation between P3 and P4 (Eq. 4). 


P" = P3(1 — dX’) + P4(dX’) (4) 


Having determined P" and P", the final 
step is to interpolate between these 
two to determine the desired point P, 
with the fractional part of the Y axis 
address dY' used as the weighting 
factor (Eq. 5). 


P=P(1 -dY’) + P"(Y’) (5) 


By substituting Eqs. (1) and (2) into 
(3), the following is obtained: 


P = Pi(i-dx')(1-dY') + 
P2(dX')(1 - dY) + 
P3(1 - dX')(dY') + 
P4(dx’)(dY') (6) 


Figure 9 shows the implementation of 
the bilinear interpolator. The inputs 
are dX’ and dy’; the fractional parts of 
the coordinate transform address. 
Each of these fractions is 4 bits, for a 
total of 8 bits. A 256 word lookup 
table PROM is used to derive the four 
weights required for the interpolation 
in parallel. Four LMU112 multipliers 
apply these weights to the four pixel 
values P1-P4 in parallel. The LMU112 
is a 12 x 12 multiplier which is avail- 
able in a 48-pin package, due to the 
fact that only the 16 most significant 
outputs are brought out. Since 16 bits 
of information is more than sufficient 
for video, it is an appropriate choice to 
save space over the more typical 64- 
pin implementations of 12 x 12 multi- 
pliers. The four weighted pixel values 
are then summed using a network of 
three L4C381 ALU devices. These 
provide the 16-bit add function re- 
quired, as well as integrating the 
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Figure 8. Bilinear Interpolation. 
Bilinear interpolation involves 
first executing linear interpola- 
tions between two pairs of 
adjacent points on successive 
scanlines, resulting in P" and 
P". Then, a final linear interpola- 
tion is performed between these 
two intermediate results to form 
an approximation of the Image 
value at the desired location P. 


P4@® 


P* = P1 (1-dX) + P2 (dX) 
P"= P3 (1-dX) + P4 (dX) 


P = P'(1-dY) +P" (dY) 
= Pt (1-dX) (1-dY) + 
P2 (dX) (1-dY) + 
P3 (1-dX) (dY) + 
P4 (dX) (dY) 





pipeline registers necessary to main- 
tain the desired clock rate. 


One final function is performed by the 
interpolator: The transformations 
available on the input image may 
result in portions of the output 
display which contain no video data. 
A simple instance occurs when the 
input image is reduced in size, in 
which case the remaining portions of 
the display must be blanked. Also, 
since the amount of size reduction can 
be changed in real time, the pixels to 
be blanked must also be set on a 
scanline-by-scanline basis. This 
requirement is conveniently met by 
the L4C381, since its instruction set 
contains a force-to-zero function. By 
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Figure 9. Bilinear Interpolator. LMU112 12 x 12 multipliers and L4C381 ALUs form a compact im- 
plementation of the equations in Fig. 8. The coefficients are precomputed and stored in PROM. 
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setting the function control lines of the 
last ALU stage to 000 (force-to-zero in- 
struction) when writing the nonimage 
areas of the display memory, the pixel 
data stored in these locations is 
blanked. This instruction control is 
provided by the system controller. 


Horizontal/Vertical Anti-aliasing 
Filters 


Prior to any operation on the data 
which involves resampling, a lowpass 
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(dX) (dY) 





filtering pass must be applied to the 
data to avoid aliasing distortion. The 
filter chosen here is a Finite Impulse 
Response (FIR) type. 


Figure 10 shows the conventional flow 
diagram for an FIR filter. The data is 
applied to a delay network, the length 
of which corresponds to the desired 
filter length. Each delay element 
output is weighted (multiplied) by the 
appropriate coefficient, and the results 
are summed to form the filter output. 
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Figure 11 shows an alternate, but 
equivalent implementation of the 
same flow diagram. In this implem- 
entation (known as the transpose 
form,) the delay elements are distrib- 
uted through the summation or 
output path, with the input data 
distributed simultaneously to all of 
the weighting operators. This form of 
the flow graph is more convenient for 
implementation in LSI form, since it 
results in a series of identical func- 
tional blocks, each of which performs 
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a multiply, add, and delay function. 
The dotted line in Fig. 11 illustrates 
the repeated function, and Fig. 12 
shows an implementation of the flow 
diagram for the horizontal filter using 
the LOGIC Devices LMS12. 


The LMS12 is a filter building block 

especially suited to the transpose form 
FIR structure. It provides a 12 x 12 bit 
multiplication, and addition of a third 
input of 26 bits to the result. Thus the 


FIR structure under consideration can 
be implemented with no external logic 
using this device, saving considerable 
real estate over more conventional 
implementations using multipliers 
and discrete external adders and 
delay elements. 


The vertical (Y dimension) filter is 
formed in a similar way (Fig. 13) 
except that a delay equal to the length 
of each horizontal scanline is inserted 


Figure 10. F.I.R. Filter (Canonical Form). 





y(n)= hox(n) + 
ht x(n—1) + 


ewe + 
h4 x(n—4) 


Figure 11. F.LR. Filter (Transpose Form). 

An alternate formulation of the equation In Fig. 10 allowing im- 
plementation by cascading identical functional blocks. The sum- 
mation is now distributed across the filter delay and is therefore 


inherently pipelined. 
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y(n)= hox(n) + 
hi x(n—1) + 


ace + 
h4 x(n—4) 
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between each LMS12 and its neighbor. 
In this way, the input pixels contribut- 
ing to a given output sample are 
vertically adjacent, i.e., separated in 
the input datastream by a number of 
samples equal to one less than the 
length of one scanline. Since this filter 
implementation makes available all of 
the coefficient registers independ- 
ently, they can be loaded at any time 
by the system controller with coeffi- 
cients appropriate for the cutoff 
frequency desired. 


Application Note 


Real-Time Digital Image Transformation 





Figure 12. Horizontal Anti-aliasing Filter. 
This realization of the transfer function in Fig. 11 uses the LMS12 filter building block. It is capable 
of exceeding 25 MHz data rates for any filter length, while allowing instantaneous coefficient 


changes. 
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Figure 13. Vertical Anti-aliasing Filter. 
A modification of Fig. 12 allows filtering in the vertical direction by inserting a delay equal to the 


length of a scanline between each pair of filter taps. 
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Introduction 


As single-chip microprocessors for 
DSP mature, digital spectrum analysis 
for low to medium bandwidth appli- 
cation has become widely available at 
reasonably low cost. For many real- 
time applications however, the single- 
chip units do not have the throughput 
to do the job. This article shows how 
to determine when you’ve outgrown 
a single-chip solution, and gives im- 
plementation details for an FFT 
engine which is 10 to 100 times faster 
than the single-chip units studied. 


The FFT and Current Single- 
Chip DSP Microprocessors 


In digital signal processing (DSP), the 
Fast Fourier Transform (FFT) is used 
to evaluate the Discrete Fourier 
Transform (DFT) of a signal. Typi- 
cally, the signal is continuous and 
periodic in the time domain. To 
obtain the DFT of a continuous signal, 
the FFT is necessary to reduce the 
computation time. For example, if the 
original signal is represented as 
having real and imaginary compo- 
nents and sampled N times during its 
full period it takes 4N? multiplica- 
tions and N(4N-2) additions to com- 





DEVICES INCORPORATED 


pute the DSP directly. In contrast, the 
FFT, in particular the decimation- 
in-time algorithm, only requires 
(N/2)log,N stages of multiplications 
and additions. Each stage is defined 
by the basic cell of the FFT, the 
butterfly flow graph, and shown in 
Fig. 1(a) using the notation of Ref. 1. 
By taking advantage of the symmetric 
property of the Wn term, Fig. 1(b) al- 
lows for better computational effi- 
ciency. Figure 1(c) is further obtained 
to serve as the working model and 
shows that four multiplications, three 
additions and three subtractions are 
required per butterfly. The additions 
and subtractions are combined with 
the multiplications via a multiplier/ 
accumulator (subtractor) unit. 


The FFT butterfly computation can be 
accomplished using presently avail- 
able single-chip DSP units. These 
current third-generation products can 
be categorized into two groups. The 
first group contains some on-chip 
memory to hold the executable 
instructions and the data to be proc- 
essed. The TI TMS32010/20 and the 
NEC pPD77230 belong to this group. 
The architecture of these devices 
allows the process to be "optimized" 
if both program and data are in the 
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implementation of the FFT for applications where 
single-chip DSP microprocessors cannot provide the 


on-chip memory at all times through- 
out the whole process. However, the 
computational throughput is still slow 
since only two data elements can be 
operated on at any given cycle. 
Another drawback is that, if the 
number of sample data points to be 
processed exceeds the on-chip mem- 
ory capacity, then data need to be 
stored externally. As a result, addi- 
tional cycles to fetch data from 
external memory further degrade the 
computational throughput. Still 
another factor is the increase in 
software overhead. Since data is now 
fetched from external memory, 
instructions that would have enabled 
parallel processing cannot be taken 
advantage of anymore. Therefore, one 
has to resort to straight-line coding to 
get maximum performance at the ex- 
pense of increasing the code size. 





The second group of "single-chip" 
DSP units require external memory 
for program and data storage. The 
National LM32900 and the Analog 
Devices ADSP2100 belong in this 
category. Their architecture allows for 
efficient access to both program and 
data memory via independent busses. 
However, these DSP units still can 
only process one set of operands at 
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Figure 1. Butterfly Cell working models 
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any given cycle. For FFTs involving 
32-bit complex data, external memory 
fetch cycles degrade the computa- 
tional throughput. One method of 
improving the performance is by op- 
erating two devices in parallel to 
handle two sets of operands at a time. 
In this case, however, the user is faced 
with issues regarding synchronization 
and control of the two devices. 


Building Block Approach 


The "functional building block" 
architecture overcomes the limitations 
of the "single-chip" DSP units. This 
method allows the user flexibility in 
achieving the high-throughput 
requirement by minimizing the 
number of machine cycles per butter- 
fly computation. The only penalty is 
the typical increase in the number of 
components used. However, this 
penalty is more than offset by the in- 
creased performance. An efficient 
functional building block architecture 
for high-speed DSP is shown in the 
block diagram of Fig. 2. The architec- 
ture achieves 2 machine cycles per 
butterfly, pipelined for 32-bit complex 
data FFT. The detailed implementa- 
tion of the butterfly cell is shown in 
Fig. 3. The architecture is described as 
follows. 


In the block diagram of Fig. 2, the 
butterfly cell is embedded in the 
system, under microprogram control, 
to handle the FFT computation. The 
overall architecture utilizes both a 
general purpose CPU, i.e., a Motorola 
68000 or equivalent and functional 
building blocks to serve as the FFT co- 
processor. The architecture allows for 
the execution of four phases to obtain 
the DFP. The four phases are: sam- 
pling, data formatting, computation, 
and outputting the DFP via the DAC. 


The analog input signal is first fed 
into a pre-processor where it is band- 
limited via an anti-aliasing filter. The 
input signal can also be split into its 
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Figure 2. Arepresentative system block diagram DSP 


INPUT 
PRE-PROCESSOR 


MICRO 
PROGRAM 
SEQUENCER 


quadrature components at this stage 
or this may occur as a result of other 
operations such as heterodyning 
implemented digitally. The SAM- 
PLER converts the analog signal into 
its equivalent digital data representa- 
tion. The sampling process can be 
controlled either by the CPU or the 
DMA controller. Reference 2 shows 
that the controlling element also 
determines the maximum throughput 
rate of the sampling process; hence, 
the maximum input signal band- 
width. After sampling, or at the con- 
clusion of other DSP processes, each 
of the real and imaginary data 
samples is assumed to be stored in 
contiguous memory locations in main 
memory. Therefore, real data can be 
stored in even address and imaginary 
data in odd addresses. 
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Data Formatting 


Assume that in the 16-bit system of 
Fig. 1 the analog input signal is 
sampled 1024 times to represent one 
sample period. Furthermore, if all the 
samples are real numbers and storage 
is to begin at address 0000H, then the 
normal data storage sequence is such 
that the consecutive samples are 
stored in contiguous memory loca- 
tions in main memory. This is par- 
ticularly true in the case where the 
sampling process is treated as a data 
block transfer under CPU or DMA 
control. However, to be able to 
execute an in-place computation of the 
decimation-in-time FFT algorithm, the 
original data sequence obtained 
during the sampling phase must be 
restructured. This process involves 
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address-bit reversal and is illustrated 
in Fig. 4. 

An algorithm for generating the 
addresses in the bit-reverse order is 
discussed in Ref. 3. As pointed out, a 
highly flexible FFT Address Sequencer 
is sometimes required if the data 
buffer is not located at address 0000H, 
or if the FFT size is variable, due to 
the different sizes and fields of the 
address bits that need to undergo 
bit-reversal. Further complications 
are encountered when X(N) data is 
complex. As shown in Fig. 2, the 
16-bit real and 16-bit imaginary data 
in main memory is to be mapped into 
a 32-bit field in the COMPLEX DATA 
RAM. A general purpose FFT Address 
Sequencer can be efficiently imple- 
mented with the combination of Logic 
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Figure 3. Detailed Butterfly Cell implementation with the control field. 
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Devices’ LRFO8 multiport register file 
and LA4C381 16-bit ALU. Because of 
their ability to be controlled by 
microcode, these two high-speed 
CMOS LSI devices provide the 
flexibility required of the FFT Address 
Sequencer. Also, the overhead time 
required to pre-sort the complex data 
sequence prior to the computation 
phase is reduced. 


Handling the Computation 


In Figure 1, the butterfly operands 
Xm(p), Xm(q), and W,, are all complex 
variables. The results of the computa- 
tions Xm+1(p) and Xm+1(q) are also 
complex variables. W.. are known 
coefficients and stored in a read-only 
memory device as part of the COM- 


PLEX DATA FILE in Fig. 2. The other 
part of the COMPLEX DATA FILE 
consist of the input data samples 
stored in COMPLEX DATA RAM in 
sorted order as defined by the bit- 
reversal process. The elements of the 
COMPLEX DATA FILE are 32 bits 
wide to accommodate the 16-bit real 
and 16-bit imaginary components. 


The computation phase starts with 
the CPU generating a code for the 
MICROSEQUENCER. The MICRO- 
SEQUENCER interprets this code to 
access the first microinstruction in the 
MICROPROGRAM MEMORY and 
stores it in the MICROINSTRUCTION 
REGISTER. The microinstruction is 
horizontally organized so that differ- 
ent processing blocks can be con- 


Figure 4. Normal data sequence during sampling phase and result 
of re-structuring via address bit reversal. The new data sequence 
is stored In the complex data RAM. 
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trolled simultaneously; thus executing 
one microinstruction in one cycle of 
CLOCK2. The microinstruction field 
for controlling the butterfly cell is 
shown in Fig. 3 along with the de- 
tailed hardware implementation of 
the butterfly which consist of Logic 
Devices’ LRF08 multiport register file 
(2), LPR520 pipeline register (2), 
LMA1010 16-bit multiplier /accumula- 
tor (2) and LAC381 16-bit ALU (2). 

The operands Xm(q) and Ware to be 
held in the register file temporarily 
while the Xm(p) is passed down the 
pipeline register. The computations 
are done ina pipelined fashion and 
facilitated by the internal pipeline 
registers of the LMA1010s and 
LAC381s. The results of the computa- 
tions can then be stored back into the 
COMPLEX DATA RAM to be used in 
the next iteration. This is really the 
essence of the in-place computation of 
the decimation-in-time FFT algorithm. 
The status of the components com- 
prising the butterfly cell is outlined in 
the state matrix of Fig. 5. 


Digging into the Microcode 


During state SO, the Address for 
storing one of the first set of operands, 
Xm(q) is loaded into the B and C 
Address Port register of the LRFO8s. 
Since Xm(q) is composed of 16-bit real, 
Re[Xm(q)], and 16-bit imaginary data, 
Im[Xm(q)], the LRFO8s’ registers are 
set up such that Re[Xm(q)] will be 
stored in register Ro and Im[Xm(q)] in 
R1. This is easily done by setting up 
the microcode to take advantage of 
the simultaneous register access 
capability of the LRFO8. In this case, 
the address bits are B2B1Bo = 000 and 
C2C1Co = 001 respectively. During S1, 
Xm(q) is written into the LRFO8s via 
the B and C input ports and at the 
same time the address for storing the 
real and imaginary part of W., 
Re[W,,] and Im[W,.] respectively, are 
also written into the B and C Address 
Port registers. This time the address 
bits are B2B1Bo = 010 and C2CiCo= 
011. This will allow storage of Re[W,,] 
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Figure 5. Butterfly computation state matrix. 
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into register R2 and Im[W,.] into R3 of 
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act as subtractors. The contents of the 
MAC1 and MAC2 output registers are 
shifted into the input registers of the 
LAC381s. The other operands are the 


output ports. The imaginary part of —§ Xm(q) = X(512), the 513th sample real and imaginary components of 
Xm(q) is also read out of the bi- fo aagoi Xm(p), Re[Xm(p)] and Im[Xm(p)] 
directional A-port. In addition, the Wn ~ Wy =1 respectively, which has been shifted 
address for storing a "new" Xm(q) is The operands Im[W,. J, Re[W : down the LPR520 pipeline registers 


written into the B and C Address Port 
registers. Xm(p) is also loaded into the 
LPR520 pipeline register. Note that 
during this state two sets of complex 
operands, W,; and Xm(p), are simulta- 
neously accessed from the COMPLEX 
DATA FILE. During this state all the 
complex data operands for the first 
FFT butterfly computation are avail- 
able in the working registers. For a 


—_ 
eee Sees 
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and Im[W,,] are la tched into 

LMA! 01034 input registers acts $3. 
From Fig. 1(c), note that the Im[Xm(q)] 
term is common to the expressions for 
Band D. Therefore, B and D can be 
simultaneously evaluated during $4 
and the result stored in the corre- 
sponding LMA1010’s accumulator. 
During $6, ALU1 and ALU2 control 
bits are set so that both L4C381s will 


10-18 


during states $2, S3, S4 and 55. 
Referring to Figs. 1(c), 4, and 5, the 
real component of Xm+1(q) is evalu- 
ated by ALU] while the imaginary 
component is evaluated in ALU2. A 
new set of D and B values are also 
evaluated. The new D and B values 
correspond to the new set of Xm(q) 
and W,, operands loaded into the 
MACI and MAC2 input registers 
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during S5. The real and imaginary 
components of Xm+1(p) are evaluated 
in ALUI and ALU2 respectively 
during $7. By holding the contents of 
the LPR520s, all the operands needed 
to obtain Xm+1(q) during S6 are also 
available to obtain Xm+1(p) during S7. 
The in-place computation is realized 
by storing Xm+1(q), during S7, into the 
location in COMPLEX DATA FILE 
occupied by Xm(q). In the same 
manner, Xm+1(p) is loaded into Xm(p) 
during S8. 


From the state matrix of Fig. 5, note 
that a steady state condition occurs 
after, the state S6 such that a butterfly 
computation is completed every two 
cycles after an initial overhead of only 
6 cycles. The efficient handling of the 
computation is largely aided by the 
flexibility of the LRFO8 multiport 
register file. A good example is illus- 
trated during state S3 when the real 
and imaginary components of a new 
Xm(q) are written into register R4 and 
Rs via the B and C data input ports 
and at the same time ' previous" 
Re[Xm(q)], RE[W,, ] and Im[W,\] 

are read out of register Ro, Ri and 

R3 via the output ports A, Dand E 
respectively. 


Dealing with Overflow, Under- 
flow and Precision 


Overflow can occur at the front end 
when the input signal exceeds the full- 
scale range of the ADC. Depending 
upon the application, this can be pre- 
vented by using an automatic gain 
control (AGC) stage within the INPUT 
SIGNAL PROCESSOR or a hard 
limiting circuit to limit the maximum 
excursion of ADC. Another overflow 
condition involves exceeding the 
dynamic range of the fractional 
number representation. If the oper- 
ands Xm(p), Xm(q) and Wn are frac- 
tions in fractional 2's-complement 
form, then the product of any of two 
operands is always a fraction. How- 
ever, the FFT also involves accumula- 
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tion of the product terms and the 
addition of two large positive frac- 
tions could result in an integer and a 
fraction. In this case the highest frac- 
tional number represented is exceeded 
and an overflow condition occurs. 


From Fig. 3, the output of the 
LMA1010s are rounded to a 16-bit, 
single precision value and applied to 
the ALUs. However, the internal 
accumulation/subtraction process 
uses the full 35-bit double precision 
value. Overflow occurs when the 
MAC1/MAC2Z operands are both -1.0, 
i.e., 8000H, and the product is added 
to an accumulator containing +1.0. 
One way of handling this is to provide 
a fixed divide-by-two scale factor by 
using the R31-R16 output bits of the 
MACs. Since the bits have the signifi- 
cance of 2!to 2", the dynamic range 
is reduced by 1 bit, which might be 
unacceptable in certain applications. 
Another method is to limit the most 
negative number representation of the 
coefficient, W,,, to be-1.0 + 1 LSB 
(8001H). This 5 puarantees the result of 
the multiplication /accumulation to be 
less than 2.0. In this case, the MACs 
R30-R15 output bits having the sig- 
nificance 2° to 2"! are used and the 
dy-namic range is improved by 1 bit. 
Another potential source of overflow 
is at the ALU1 and ALU2 when the 
MACs outputs are added with the 
operands at the output of the LPR520s. 


The modified butterfly cell, shown in 
Fig. 6, implements block-floating- 
point arithmetic to handle the poten- 
tial overflows by means of the LSH32 
32-bit Barrel Shifter /Normalizer. In 
this configuration, for a given stage of 
the FFT the ALU’s outputs are fed into 
the SHIFT ENCODER LOGIC block. 
If either one or both the ALU’s output 
is greater than 0.5, a shift code corre- 
sponding to the maximum output of 
either ALU is generated and latched.- 
This is done because if either ALU’s 
outputs is equal to or greater than 0.5 
for the current FFT stage, then an 
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overflow could occur during the next 
stage. To avoid this possibility, the. 
shift code that is latched during the 
current stage is fed into the $14~So 
inputs of the LSH32s. Then during 
the next stage all the input operands 
are uniformly scaled down by shifting 
right. 


Underflow can occur when two large 
negative fractions produce a result 
less than the most negative fractional 
number that can be represented by the 
system. The hardware that handles 
the overflow condition at the 

Xm+1(p) output can be replicated and 
used to handle the underflow condi- 
tion at the Xm+1(q) output. 


The addition of the LSH32 for input 
scaling certainly adds flexibility to the 
system at the expense of additional 
hardware. However, it may not be 
needed in applications where it is 
known that overflow or underflow 
cannot possibly occur. In this situ- 
ation, only the sign bit (R31) and the 
15 most significant fractional parts 
(R30—-R16) at the LMA1010s outputs 
are applied to the input of the 
LAC381s. Regardless of the presence 
or absence of the LSH32s, the conver- 
sion to single precision result is 
obtained by rounding up the accumu- 
lator contents of the LMA1010s. 
Rounding up is done automatically by 
asserting the RND control bit of the 
LMA1010s. The performance rating 
of the Logic Devices’ "functional 
building block" architecture is shown 
in Fig. 7 along with the single-chip 
DSP units. Note that although the 
instruction cycle time is approxi- 
mately the same, the Logic Devices’ 
architecture is close to an order of 
magnitude faster. It is also important 
to note that the 100 ns cycle time of 
the Logic Devices’ architecture using 
high-speed CMOS components is 
comparable to architectures imple- 
mented with bipolar components with 
an added advantage of much lower 
power dissipation. 
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DSP Designer Chips 


Figure 7. Performance ratings for different DSP units based on execution time of 1024-point, com- 


plex FFT. 
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Design Feature 


Minimize parasitic 
problems 1n high-speed 
digital systems 





Parasttics are usually small enough to have 
little effect on performance. However, the 
organizational, access-time, and coordt- 
nated-switching requirements of today’s 
high-speed digital systems make ideal breed- 
ing grounds for these undesirable signals. 
Therefore, you must now account for those 
parasitics you could previously ignore. 





James K Murashige, Logic Devices Inc 


Parasitic problems, which are rarely overtly obvious, 
musn’t be neglected in your system’s design process. 
If they are, your system may be plagued with bugs, 
glitches, gremlins, and intermittent failures. 

When digital designers encounter system problems, 
they frequently place the blame on the circuit ICs. 
However, IC manufacturers go to great lengths to 
characterize and test their devices. In most cases, it 
is not the ICs that are the main cause of parasitic 
problems. Rather, it is the pe-board interconnects be- 
tween circuit components that prove problematic. 
Compounding the problem further is the fact that to- 
day’s faster ICs are very susceptible to noise. 

Parasitic problems due to pc-board-interconnect wir- 
ing are difficult to diagnose and cure because the para- 
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sitics are speed, layout, and material sensitive. It’s 
possible to have thousands of interactions on a typical 
circuit board, and under certain conditions these inter- 
actions can combine to exceed digital noise margins 
and cause false triggering. Unchecked parasitics can 
also increase your circuit’s power consumption, cause 
data loss, and cause devices to fail. By modeling the 
mechanics of parasitic operation early in the system- 
design phase, you can effectively anticipate and sup- 
press problems. 

In essence, electronic design involves the use of com- 
ponents to control, convert, and manipulate voltage 
and current to develop a useful function. Designers 
must therefore characterize electronic components in 
terms of how they interact with and relate to voltage 
and current. The defining relationships are resistance, 
capacitance, and inductance. 

In the real world, no component is a pure resistance, 
capacitance, or inductance—all devices exhibit a mix- 
ture of R, C, and L. One of these components usually 
predominates; the others are considered parasitics. 
Wiring, whether discrete or printed, also contains R, 
C, and L components. 

Resistance is the least troublesome parasitic because 
it has no dependence on speed. Even if the C and L 
quantities are quite small, parasitic capacitance and 
inductance cause a great many problems because they 
define a differential relationship between voltage and 
current. 

The parasitic values of R, L, and C in circuit-board 
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In the real world, no component is a pure 
resistance, capacitance, or inductance—all 
devices exhibit a mixture of R, C, and L. 





wiring are interrelated. A study of the makeup of resis- 
tive, capacitive, and inductive parasitics (Fig 1) makes 
it much easier to minimize their effects. 

Copper-clad, glass-epoxy boards are typically used 
to achieve the desired high conductivity/ow resistance 
qualities so important to wiring. Copper-foil thickness 
is customarily specified as the number of ounces of 
pure copper per square foot of board area. Each ounce 
contributes 0.00135 in. of thickness to the cladding. 
Parasitic resistance has a low value—a 10-mil-wide 
trace on a 2-oz copper-clad board has a resistivity of 
only 2.27 mO/linear in. Also, because resistivity is in- 
versely proportional to the cross-sectional trace area, 
increasing cladding thickness or widening the trace 
proportionally lowers resistivity. 

Parasitic capacitance arises because a circuit trace 
is one plate of a pe-board capacitor. Adjacent circuit 
traces, or inner layers of a multilayer board, are the 
other plates. The dielectric material for this parasitic 
capacitor is air and/or the board material itself. Dielec- 
tric constants vary for different board materials (it’s 
about 5 for commonly used G10 epoxy boards). You 
can calculate board capacitance using the expression 


C=KAd, 


where K equals dielectric constant, A equals the plate’s 
surface area, and d equals the distance between the 
plates. Obviously, capacitance will be greatest over a 
large plate area with minimal plate separation. For 
example, a 10-mil-wide trace has a parasitic capacitance 
of 1.2 pF/linear in. of trace; the capacitance will double 
for a 20-mil-wide trace. 

The self-induced magnetic field generated around a 
circuit trace carrying a current produces the parasitic 


Fig 1—You can minimize parasitic prob- 
lems by thinking of the pc board as a compo- 
nent. As the electrical-equivalent circuit il- 
lustrates, traces are really comprised of a 
combination of resistance, capacitance, and 
inductance. 


10 MILS 
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inductance. Parasitic inductance is dependent on the 
length, width, and thickness of the trace as given by 
the expression 


1=length/(width + thickness). 


A 10-mil-wide trace will have an inductance of approxi- 
mately 17.5 nH/in. Note that the above expression 
indicates that inductance will decrease as you increase 
either trace width or cladding thickness. 

The simplified case of using a 10-mil-wide trace gives 
you some working values for R, C, and L, and also 
determines the qualitative effects of varying trace ge- 
ometry. Though these parasitics have low values, they 
can become significant when you’re working with high- 
speed signals. Digital-system designers should pay par- 
ticular attention to the areas of power distribution and 
signal transmission. 


Proper power distribution is critical 

To operate at high speeds, ICs must, when switch- 
ing, supply high levels of drive current on their out- 
puts. Internal IC circuitry will draw more power when 
activated for full-speed operation. It is relatively sim- 
ple to design a board’s power-distribution system so 
that it satisfies steady-state conditions. However, 
parasitics in the system can cause momentary current 
limitations and supply-voltage drops. These transient 
conditions can show up in the signal outputs or couple 
through the power-distribution system to adjacent de- 
vices in the circuit. 

To illustrate parasitic problems, consider the task 
of supplying power to an L7C185 8k x 8-bit static RAM 
(Fig 2a). Here, the L7C185 sits 6 in. away from an 
ideal 5V supply. Vcc is routed to the RAM along a 





40 nH/IN. 


t 0.18 pF/IN. 


G10 GLASS-EPOXY BOARD 


COPPER GROUND PLANE 
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6-in.-long, 10-mil-wide trace, while a second 10-mil- 
wide, 6-in.-long trace provides the ground return. Each 
trace will have a parasitic resistance of 6 x 27 m= 162 
mQ and an inductance of 617.5 nH=105 nH. The 
L7C185 draws a quiescent current of 20 mA; for 'full- 
speed operation, it requires 160 mA. 

Because a 160-mA current will introduce only a 26- 
mV drop in both the Vcc line and the ground return, 
the RAM’s parasitic resistance will be negligible. The 
RAM’s Voc value will be 4.948V. However, parasitic 
trace inductance can cause problems because, as its 
defining equation V = Ldi/dt illustrates, rapidly chang- 
ing current through an inductor produces significant 
voltage drops. For example, a 20-nsec read operation 
from the L7C185 will generate an inductive voltage 
drop of 105 nH x 140 mA/20 nsec =0.735V across both 
traces, leaving only 5—1.47=3.53V at the RAM’s sup- 
ply pin. Such a low value can lead to signal transients 
or cause data loss until Voc can stabilize. 

A more serious condition exists when the RAM pow- 
ers back down and tries to stop the current flow. The 
sudden decrease in currerit generates a large negative 
voltage spike across the trace-inductive reactances 
relative to the power supply. For a 20-nsec off time, 
the chip’s instantaneous voltage will be 5+1.47 
=6.47V. The result is the creation of signal transients 
that may overstress and damage the IC. 


Good layout can make a difference 

There are several solutions to the problem of para- 
sitic inductance in power distribution, the most obvious 
being to widen the power traces. Widening power 
traces from 10 to 100 mils decreases inductance to 13.1 
nH/in. In fact, the most effective board layouts employ 
multilayer boards, which have separate power and 
ground planes. In addition to providing the lowest pos- 
sible inductance, this separate plane approach also sim- 
plifies the design of the power-distribution system. 

The best solution to trace-inductance problems uses 
bypass capacitors to provide localized power sources 
for each IC. By physically locating decoupling capaci- 
tors next to each IC, you shorten the Igc current loop 
to the physical length of the traces between capacitor 
and IC (Fig 2b). You can reduce trace length even 
more by using modern under-the-chip capacitors, which 
attach directly to the IC power pins—virtually reduc- 
ing the trace length to zero (Fig 2c). 

Before you can calculate minimum capacitor values, 
you must first establish an acceptable variation in the 
chip’s supply voltage and then apply the defining equa- 
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L=240 nH 









Vee 


L7C185 
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Fig 2—Proper decoupling techniques can significantly reduce para- 
sitic problems. The design goal here is to minimize the effects of 
parasitic inductance by keeping the Icc current loop as short as 
possible. 





tions for capacitance. Most modern ICs are specified 
to operate with a 5V + 10% Voc. While a 0.5V variation 
may be acceptable if you're considering only one IC, 
it may be too high when you consider the contributive 
effects of neighboring ICs switching at the same time. 
In memory systems, for example, simultaneous access 
to banks of eight or 16 devices is quite common. In 
this case, it is wise to hold the supply variation to 
0.05V. Using the previous full-speed-operation figures 
of 140 mA and 20 nsec for current and switching time, 
respectively, the calculations yield a capacitance value 
of 0.056 pF. 

By shortening the inductive trace length, decoupling 
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Digital-system designers should pay particu- 
lar attention to power distribution and sig- 
nal transmission. 





capacitors also minimize overstress voltage by absorb- 
ing any inductive voltage spikes. In essence, you can 
think of decoupling capacitors as temporary current 
storage devices that help to smooth peak IC current 
demands. 

Designers typically employ standard-value 0.1-~F 
capacitors for decoupling service. So why not use larger 
capacitors to reduce supply-voltage variations even fur- 
ther? There are a number of reasons, all of which are 
related to capacitor characteristics. The first has to 
do with size considerations—it’s simply more difficult 
to physically place large capacitors close to ICs. Sec- 
ond, construction limitations increase the parasitic in- 
ductance in large capacitors. Large-value capacitors 
can have the equivalent inductance of several inches 
of circuit-board trace and negate the advantage gained 
by using larger capacitance values. 

Finally, there’s the problem of EMI. For maximum 
EMI suppression the decoupling capacitor must reach 
resonance in the frequency range of interest—typically 
30 to 50 MHz. Again, larger-valued capacitors have 
intrinsically larger inductance values. Viewed from the 
standpoint of resonance, this larger inductance value 
lowers both the capacitor’s resonant frequency and its 
EMI suppression effectiveness. Thus, smaller-valued 
capacitors with higher resonant frequencies suppress 
EMI much better. (Ceramic-type capacitors generally 
exhibit the best high-frequency characteristics for EMI 
suppression. ) 

The same interconnect parasitics that cause prob- 
lems in power distribution also plague signal transmis- 
sion, which is not surprising because power distribution 
and signal transmission are functional complements of 
each other. In power distribution, the signal source 
(power supply) remains constant while the load 
changes; in signal transmission, the signal source 
changes while the load stays the same. 

The previous analysis of power-distribution parasi- 
tics used an empirical approach (a lumped parasitic 
circuit model) to solve the problem. The approach 
yielded good results and also simplified the explanation 
of the underlying principles involved. In signal trans- 
mission, however, the principal parasitic effects stem 
from the even distribution of parasitics along a line. 
Therefore, you must use a different approach to ana- 
lyze the problem. Though this new approach involves 
a more involved circuit model, the analysis is applicable 
to power-distribution problems. 

Because parasitic resistance is constant over fre- 
quency, it is generally not problematic. Parasitic ca- 
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IN STEADY STATE V, =5V ae 
i =16666 mA 








Fig 3—You must match a line’s characteristic impedance at all 
interfaces if you want to minimize ringing, undershooting, or over- 
shooting problems. 


pacitance and inductance, on the other hand, greatly 
affect signal transmission because of the time-deriva- 
tive relationships they define between voltage and cur- 
rent. 

One bad effect is delay. As a signal propagates down 
a trace it has to charge the distributed capacitors and 
inductors along the way, thereby introducing delay. 
System designers often neglect circuit-trace propaga- 
tion delay when calculating worst-case delay paths. 
Instead, they focus on the source and driver specifica- 
tions of the circuit’s ICs. Unfortunately, trace-propaga- 
tion delay can become a significant factor in high-speed 
systems that require large loads or critical timing re- 
quirements. 

Assuming you have an ideal signal source, the propa- 
gation delay Tpp through a line will be equal to VLC. 
Returning to the 10-mil-wide trace example in Fig 2A, 
the delay per unit length calculates out to Tpp= 
V17.5 nHx1.2 pF=0.145 nsec/in. The trace delay 
itself is small, but when it’s combined with even moder- 
ate loading values it can create large signal delays. 

When you’re working with MOS circuitry, for exam- 
ple, loading is principally capacitive. You can evaluate 
the effect of this loading by applying the formula for 
Tpp to a calculated bulk value of C and L. Doing so, 
you obtain Tpp = V L(C;+C,)=V(LC,) +(LC,), where 
Cy equals total trace capacitance and C, is the total 
capacitive load value. Cy is usually much smaller than 
C,, so Tpp will be predominantly caused by the parasitic 
trace inductance combined with load capacitance—the 
LC, factor. 

To illustrate delay problems, consider the design of 
a memory array utilizing a single source to drive eight 
L7C185 SRAMs (static RAMs) and in which. similar 
signals (such as addresses) are daisy chained from one 
chip to the next. Each L7C185 presents a 5-pF load 
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on each input. With eight SRAMs in parallel, the total 
load capacitance equals 40 pF. If the circuit board is 
laid out well, the SRAMs will be located close to each 
other to keep trace lengths to a minimum. 

Assuming that you can use a 6-in. length of 10-mil 
trace to connect all the RAMs, the trace contributes 
a capacitance value of 7.2 pF and an inductance of 105 
nH to the delay calculation. Total Tpp then becomes 
V105 x 7.2+40=2.23 nsec. The example illustrates 
that trace inductance and IC load capacitance are in- 
deed the major contributors to signal delay, with trace 
capacitance making only a minor contribution. It’s obvi- 
ous that, as with power distribution, propagation delay 
occurs because trace inductance retards the instantane- 
ous flow of current. Therefore, the best way to mini- 
mize propagation delay is to minimize trace inductance 
by maximizing trace crosssectional area—by widening 
trace widths or paralleling trace runs. 


Bring characteristic impedance into play 

Because of the time-derivative properties of the dis- 
tributed capacitance and inductance along the trace, 
voltage and current propagating down the trace main- 
tain a fixed-phase relationship to each other. Given 
this fixed-phase relationship, you can use characteristic 
impedance, expressed by the relation VL/C, to model 
traces for signal-transmission analysis. 

A second, more serious consequence of parasitic ca- 
pacitance and inductance is the introduction of signal 
transients. These transients arise because of the reluc- 
tance of the distributed capacitance and inductance to 
allow instantaneous changes in voltage and current 
along the trace. 

Signal transients—in the form of undershoot, over- 
shoot, and ringing—can occur unless you match the 
characteristic impedance of a trace at its interfaces. 
Reflected voltage and current wavefronts generated 
to satisfy boundary conditions generate these tran- 
sients, which can cause false switching, increase power 
dissipation, and generate EMI. 

To illustrate the problem, consider the case of a 5V 
signal propagating down a 1000 line terminated with 
a 3000 load (Fig 3). Initially, a 50-mA current front 
(5V/100Q) follows the voltage front as it propagates 
down the line. When the fronts reach the 3000. load, 
a discontinuity develops—a 50-mA current is flowing 
through the line, but 5V into 3000 equals only 16.7 
mA. To satisfy this boundary condition, fronts of 2.5V 
and —25 mA reflect back down the line toward the 
signal source. The load voltage is now 5+2.5=7.5V 


EDN March 29, 1990 





Technical Article 








Cc 
= Z, =RglZi. R 3 
=0 
(a) ZcapAciTOR 





e) Zs =Rg +Zis 








Fig 4—There are many impedance-matching techniques available 
to solve transient problems. Though load-matching schemes (a), (b), 
(c), (d) are usually the preferred choice, you must turn to a source- 
matching scheme (e) when you're dealing with multiple loads. 


and current is 50-25 mA—values which satisfy the 
boundary conditions. 

Back at the source, the reflected voltage and current 
fronts must again satisfy boundary conditions. Doing 
so may lead to more reflected waves. In time, the 
oscillations decay, and the line will achieve a steady- 
state condition of 5V throughout its entire length with 
a current flow of 16.6666 mA. A matching load of 1000 
would have satisfied boundary conditions and created 
no reflected waves. 

Line reflections occur anytime signals are transmit- 
ted along unmatched lines. However, they only cause 
problems when they fail to coincide with the edge of 
the driven signal, a condition which arises when the 
signal rise time is faster than the period over which 
the reflections dampen out. To simplify reflection-mag- 
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The most effective solution to trace-induc- 
tance problems uses bypass capacitors to pro- 
vide localized power sources for each IC. 





nitude calculations, it’s useful to define a reflection 
coefficient p where Viretected)= PVicneident) In general, 
you can derive p by satisfying boundary conditions as 
follows. 

The voltage and current initially flowing through the 
line are V, and V;/R,. At the boundary, the termination 
impedance, R,, equals V,/I,. After reflection occurs, 
V,/I,=R,.Given this relationship, you can calculate the 
reflection coefficient as 


(Ri =, R,)/(R, + R,). 


An examination of p yields several bits of informa- 
tion. If R, is greater than R,, positive voltage reflec- 
tions will occur. Negative voltage relections occur 
when the opposite is true. For an open-circuited line, 
R, dominates and p= +1. In this case, V,= V; and the 
termination interface will generate a reflection of 2V;. 
High-impedance terminations such as this can possibly 
create overvoltage conditions and increase power con- 
sumption because of the higher voltage levels they 
generate. Sufficient overvoltage levels can damage the 
input of ICs or induce latchup in a CMOS device. With 
a short-circuited line, R, dominates and p= — 1. There- 
fore, V,=—V;, which negates V;. Negative voltage 
reflections can cause false switching action when you’re 
dealing with multiple signal edges. 

When line and load impedances are matched, there 
are no transmission problems. Voltage reflections ping- 
pong along the line, attenuating themselves by p each 
time they reach the source or load. The reflections 
eventually decay to zero and the line achieves steady- 
state conditions. The decay time of the voltage reflec- 
tions depends entirely on the reflection coefficients p 
at either end of the line and the amount of propagation 
delay down the line. 


Choosing a suppression technique 


You can suppress transmission-line transients by 
matching impedances at either the source or the load. 
Load matching is the best option because it allows you 
to minimize source impedance, which enhances drive 
capability and improves signal rise time and de drive 
capability. Typically, the load will be the high-imped- 
ance input of a MOS IC, which means you'll have to 
lower load impedance to match the line impedance. 

There are several ways to lower load impedance. 
One utilizes an active termination employing a pull-up/ 
pull-down resistor network (Fig 4a). The effective load 
impedance equals the parallel combination of Rp, Rp, 








Ze =1592 Zc =50+ 1002 


AT 1 mHz 





Z, =ZglZje =12.06 TO 13.72 








Fig 5—Transient problems in power-distribution systems are sig- 
nificantly reduced when you use decoupling capacitors to minimize 
load-impedance variations. 


and the output impedance of the IC. In addition to 
matching impedances, this technique also establishes 
an active termination voltage, which can be used to 
help a weak source driver with rise-time and fall-time 
performance. The matching technique does have one 
drawback, however: there’s a de current constantly 
being dissipated through the termination resistors. 

A second load-matching approach uses just a pull-up 
(Fig 4b), or pull-down resistor (Fig 4c). Either of these 
schemes solves the dissipation problem, but weaker 
source drivers will have problems with the additional 
load imposition, especially if multiple load paths are 
involved. 

You can avoid all de loading problems by using an 
ac-coupled load-termination scheme (Fig 4d). During 
the switching phase, the capacitor is virtually transpar- 
ent, and the pull-down-resistor impedance combines 
in parallel with the load impedance to match the line 
impedance. Under steady-state conditions, the capaci- 
tor blocks any current flow and removes the resistive 
load from the circuit. You choose the capacitor value 
to achieve a minimum impedance at the voltage-reflec- 
tion frequency Vyz = 1/2T pp. 

To this point we’ve considered only a single imped- 
ance discontinuity at the load. In a typical system, 
however, discontinuities may occur anywhere there is 
a physical change in the transmission path. Such 
changes occur when you split a trace to drive multiple 
IC inputs, widen or narrow a trace, or pass through a 
connector. 

With several discontinuities in each line or with mul- 
tiple load locations, it may become impractical to match 
all load impedances. If so, you must opt for source- 
impedance matching. Typically, the signal source em- 
ploys a low-impedance driver, so you must raise the 
network’s source impedance to match that of the line. 
To raise the source-output impedance you simply add 
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a series resistor at the driver output (Fig 4e). 

Again, power distribution and signal transmission 
are complements of each other. You can see the rela- 
tionship by applying the impedance-analysis techniques 
to power distribution (Fig 5). As the figure shows, the 
power-supply voltage remains constant while the im- 
pedance of the load varies. Voltage reflections and fluc- 
tuations occur during the transition between steady- 
state conditions. In order to minimize transients, there- 
fore, you must minimize the factors that cause fluctua- 
tions from a steady-state condition. 

Load impedance is the variable factor in power distri- 
bution, so your goal is to minimize load variations. 
Adding decoupling capacitors minimizes impedance 
variations because the capacitors become the dominant 
factor in the load-impedance equation. For example, 
assume that an IC being powered by the 5V power 
supply varies its current consumption from 50 to 100 
mA. Correspondingly, the IC’s output impedance var- 
ies from 100 to 500—a 100% variation. At 1 MHz, a 
0.01-uF decoupling capacitor has an impedance of 
15.90. When you consider the parallel combination of 
capacitive and IC impedances, the load will now vary 
from 12.06 to 13.720Q0—a 13.8% variation—which will 
lead to significant reductions in voltage transients. 
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Dallas, Texas 
(214) 250-2631 


Southeast Region 
Logic Devices Incorporated 


St. Petersburg, Florida 
(813) 579-9992 


Southwest Region 
Logic Devices Incorporated 


Agoura Hills, California 
(818) 597-8256 
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Sales Offices 





Sales Offices 


North American Sales Representatives 


Company | City/State 

ALABAMA 

Electramark Huntsville, AL 

ARIZONA 

Luscombe Eng. Scottsdale, AZ 

ARKANSAS 

Comptech Irving, TX 

CALIFORNIA (Northern) 

Straube Associates Mt. View, CA 
Roseville, CA 

CALIFORNIA (Los Angeles) 


Select Electronics La Mirada 


CALIFORNIA (San Diego) 
Earle Associates San Diego, CA 


COLORADO 
Western Region Marketing 
Broomfield, CO 


CONNECTICUT 

NRG Limited Fairfield, CT 
DELAWARE 

Deltatronics Blue Bell, PA 
FLORIDA 

Dyne-A-Mark Clearwater, FL 


Ft. Lauderdale, FL 


Casselberry, FL 


Palm Bay, FL 
GEORGIA 
Electramark Norcross, GA 
IDAHO 
Western Technical Sales 

Spokane, WA 
ILLINOIS 
Sieger & Assoc. Schaumburg, IL 





DEVICES INCORPORATED 


Telephone 


(205) 830-4400 
FAX: (205) 830-4406 


(602) 949-9333 
FAX: (602) 949-9095 


(214) 751-1181 
FAX: (214) 550-8113 


(415) 969-6060 
FAX: (415) 964-6526 
(916) 346-6313 
FAX: (916) 346-6326 


(714) 739-8891 
FAX: (714) 739-1604 


(619) 278-5441 
FAX: (619) 278-5443 


(303) 469-8088 
FAX: (303) 469-8585 


(203) 384-1112 
FAX: (203) 335-2127 


(215) 641-9930 
FAX: (215) 641-9934 


(813) 441-4702 
FAX: (813) 447-4120 
(305) 771-6501 
FAX: (305) 772-0114 
(407) 831-2822 
FAX: (407) 834-4524 
(407) 725-7470 
FAX: (407) 984-2719 


(404) 446-7915 
FAX: (404) 263-6389 
(509) 922-7600 
FAX: (509) 922-7603 


(312) 310-9530 
FAX: (312) 310-8844 


Company City/State 

INDIANA 

Applied Data Management 
Batesville, IN 

IOWA 


Cahill, Schmitz & Howe 
Cedar Rapids, lO 


KENTUCKY 

Applied Data Management 
Cincinnati, OH 

LOUISIANNA 

Comptech Irving, TX 

MAINE 

A/D Nova Sales Burlington, MA 

MARYLAND 

Advanced Technology Sales 
Towson, MD 

MASSACHUSETTS 

A/D Nova Sales Burlington, MA 

MICHIGAN 

C. B. Jensen Troy, MI 

MINNESOTA 

Aldridge Assoc. Inc. Eden Prairie, MN 

MISSISSIPPI 

Electramark Norcross, GA 

NEVADA 

Straube Associates Roseville, CA 

NEW HAMPSHIRE 

A/D Nova Sales Burlington, MA 

NEW JERSEY (North) 

Parallax Meliville, NY 

NEW JERSEY (South) 

Deltatronics Blue Bell, PA 

NEW MEXICO 


Q.A. Electronics Albuquerque, NM 
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Telephone 


(513) 579-8108 
FAX: (513) 579-8510 


(319) 377-8219 
FAX: (319) 377-0958 


(513) 579-8108 
FAX: (513) 579-8510 


(214) 751-1181 
FAX: (214) 550-8113 


(617) 270-9600 
FAX: (617) 272-2467 
(301) 296-9360 
FAX: (301) 296-9373 


(617) 270-9600 
FAX: (617) 272-2467 


(313) 643-0506 
FAX: (313) 643-4735 


(612) 944-8433 
FAX: (612) 944-8378 


(404) 446-7915 
FAX: (404) 263-6389 


(916) 346-6313 
FAX: (916) 346-6326 


(617) 270-9600 
FAX: (617) 272-2467 


(516) 351-1000 
FAX: (516) 351-1606 


(215) 641-9930 
FAX: (215) 641-9934 


(505) 888-1121 
FAX: (505) 883-9044 


Sales Offices 


North American Sales Representatives 


Company City/State 
NEW YORK (Metro Area) 
Parallax Mellville, NY 
NEW YORK (Upstate) 
Labtronics Syracuse, NY 
NORTH CAROLINA 

Blue Ridge Sales Raleigh, NC. 


NORTH DAKOTA 
Aldridge Assoc. Inc. Eden Prairie, MN 


OHIO 

Applied Data Management 
Cincinnati, OH 

OKLAHOMA 

Comptech Tulsa, OK 

OREGON 


Western Technical Sales 
Beaverton, OR 


PENNSYLVANIA (Eastern) 
Deltatronics Blue Bell, PA 


PENNSYLVANIA (Western) 
Applied Data Management 
Cincinnati, OH 


PUERTO RICO 
A/D Nova Sales Burlington, MA 
RHODE ISLAND 


A/D Nova Sales Burlington, MA 


DEVICES INCORPORATED 


Telephone 


(516) 351-1000 
FAX: (516) 351-1606 


(315) 455-7314 
FAX: (315) 455-7316 


(919) 790-8094 
FAX: (919) 872-8851 


(612) 944-8433 
FAX: (612) 944-8378 
(513) 579-8108 
FAX: (513) 579-8510 
(918) 622-7744 
FAX: (918) 660-0340 
(503) 644-8860 
FAX: (503) 644-8200 
(215) 641-9930 
FAX: (215) 641-9934 
(513) 579-8108 


FAX: (513) 579-8510 


(617) 270-9600 
FAX: (617) 272-2467 


(617) 270-9600 
FAX: (617) 272-2467 


Company City/State 


SOUTH CAROLINA 
Blue Ridge Sales Raleigh, NC 


SOUTH DAKOTA 
Aldridge Assoc. Inc. Eden Prairie, MN 


TENNESSEE 

Electramark Norcross, GA 

TEXAS 

Comptech Irving, TX 
Austin, TX 
Houston, TX 

UTAH 


Western Region Marketing 
Salt Lake City, UT 


VERMONT 

A/D Nova Sales Burlington, MA 

VIRGINIA 

Advanced Technology Sales 
Richmond, VA 

WASHINGTON 

Western Technical Sales 
Bellevue, WA 
Redmond, WA 
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Sales Offices 


Telephone 


(919) 790-8094 
FAX: (919) 872-8851 


(612) 944-8433 
FAX: (612) 944-8378 


(404) 446-7915 
FAX: (404) 263-6389 


(214) 751-1181 
FAX: (214) 550-8113 
(512) 343-0300 
FAX: (512) 345-2530 
(713) 492-0005 
FAX: (713) 492-6116 


(801) 486-1646 
FAX: (801) 486-1914 


(617) 270-9600 
FAX: (617) 272-2467 


(804) 320-8756 
FAX: (804) 320-8761 


(206) 641-3900 
FAX: (206) 641-5829 
(206) 881-6737 
FAX: (206) 882-2996 


Sales Offices 











Sales Offices 


EUROPEAN 
DIRECTOR OF SALES 
EMS 
(European Marketing & Sales, Ltd.) 
Cardinal Point 
Newhall Road 
Heathrow, England TW6 2EX 
Tel: (1) 44-1-759-4192 
FAX: (1) 44-1-564-7625 


CANADA 
Cantec Representative Inc. 
8 Strathearn Avenue, #18 
Brampton, Ontario L6T 4L9 
Tel: (416) 791-5922 
FAX: (416) 791-7940 


Cantec Representative Inc. 
1573 Laperriere Avenue 
Ottawa, Ontario K1Z 7T3 
Tel: (613) 725-3704 

FAX: (613) 725-0490 


Cantec Representative Inc. 
4947 Legault Street 
Pierrefonds, Quebec H9J 1T6 
Tel: (514) 696-6750 

FAX: (514) 696-6753 


DENMARK 
Distributoren Interelko A/S 
SiloveG 38 
P.O. 2690 Karslrunde 
Denmark 
Tel: 45-5314-0700 
FAX: 45-5314-6805 


FINLAND 
OY Comdax AB 
Italahdenkatu 23 A 
SF 00210 Helsinki 
Findland 
Tel: 35-8067-0277 
FAX: 35-8069-22326 


DEVICES INCORPORATED 


International Distributors 


FRANCE 
A2M 
6, Avenue Charles-de-Gaulle 
Hall B - BP89 
Le Chesnay, Paris 78150 
France 
Tel: 33-1-3954-9113 
FAX: 33-1-3954-3061 


ITALY 
ITT Distribution (Intesi) 
Viale Milanofiorie, E/5 
1-20090 Assago (Milano) 
Italy 
Tel: 39-2-824701 


JAPAN 
MCM Japan Ltd. 
2-11-1 Komazawa Setagaya-ku 
Tokyo 154, Japan 
Syuukaen Bldg 2F 
Tel: 81-3487-8477 
FAX: 81-3487-8825 


NETHERLANDS 
T.M.E. 
(Techmation Manudax Electronics) 
Savannahweg 60 
3542 AW Utrecht 
The Netherlands 
Tel: 31-30-420340 
FAX: 31-30-422440 


SWEDEN 
Traco AB 
Vinthundsv 157 
P.O. Box 103 
S$ 123 22 Farsta 
Sweden 
Tel: 46-8-930000 
FAX: 46-8-947732 
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TAIWAN 


Marubun Taiwan, Inc. 

7F, 675, Min Sheng E. Rd. 
Taipei, Taiwan, R.O.C. 
Tel: 02-719-0211 

FAX: 02-718-7971 


Kaltec International Co., Ltd. 
Seikiko Co., Ltd. 

No. 18, Lane 46, Sec. 2 
Shuang Shi Road 

Panchiao, Taipei 

Taiwan, R.O.C. 

Tel: 02-255-5711 

FAX: 02-253-7636 


UNITED KINGDOM 


Abacus Electronics 
Abacus House 

Bone Lane, Newbury 
Berkshire RG14 5SF 
England 

Tel: 44-0635-36222 
FAX: 44-0635-38670 


WEST GERMANY 


Neumiller 

EschenstraBe 2 

8028 Taufkirchen, Minich 
West Germany 

Tel: 49-89-6120-80 
FAX: 49-89-6120-8248 


Milgray Electronics 
Industriegebiet Ost 
Heilbronner StraBe 33 
Postfach 848 
Géeppingens 7320 
West Germany 

Tel: 49-7161-67200 
FAX: 49-7161-672055 


Sales Offices 


DEVICES INCORPORATED 


628 East Evelyn Avenue 
Sunnyvale, California 94086 
408-720-8630 ¢ FAX: 408-733-7690 


Printed in U.S.A. 








